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w��gR[FIJg��DGzgQ!t�FIJgFIJg�$UgR[H1WvQST[Tvb©°�Q!zaBi|,Q�F}t�UgMIQvt�QvJ�D[QSw DGzaQ
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TG�gZLQvh�UgRGQpTGTGFIHKJaT&Z�QvzgFIJaw DGzaFITsU�HKFIJ�DSb
�EDCO]^GFCªuA]� F�T�B�R[QX�9D[BKRG�,QXD[BKZgMIQ�DGH1HKM D[zaBED�F�TÃWv�gRG�

R[QvJ�DGMI\!RG�aJgJgFIJg��F}J�BCr�FIWvRGH�TVHK~�D6OCWvWXQpTGT¨QSJ�|1FIRGH,Jgt�QvJ�DSb¨^;QX�
D[BKRG�,QXDxBNZgMIQ]t�QSBKJaT�DGzaBNDsDGzgQ�DGH1H,M.WSBNJkZLQ�FIJ,D[Qv�,R[BNDGQSw��;F¢D[z
HND[zgQvR¡waBED[BKZaBKTGQ�t$BNJaBK�KQvt�QSJ,D¡TG\�TuD[Qvt$Tv_sTG�aWxzÃB,T�c�^�O;�
�&Y4�]_L�;F}DGzaHK��D�t§�aWxz/Q�I.HKRGDSb!yszgQ+D[H1HKM¨D[BK¦KQSTCBKTCF}JaUg��D!B
t�F}JaF}Jg��¯,�aQSTVDGFIHKJ�BNJLw ULH�TGTGF}ZaM}\�RGQp¯��gF}R[Qvt�QSJ,DxT$¬¤Q,b �Lb}_6JgHKD
DGH$�LTVQ!WXQSRVDxBNFIJ BNDVD[RGFIZg��D[QST;FIJ DGzgQ!t�FIJgF}Ja�$UgRGH�WvQST[T[®©ULH�TVQpw
Z1\ÃB��aTVQSRSb�yszgQSJP_�B�RxBNJawgHKt J1�gteZLQSR�HK~�Qvh�UgRGQpTGTGFIHKJaTS_
WvBKM}MIQSw/F}JaF¢D[FIBKM�ULH,Ug�gM�BEDGFIHKJ4_ºFIT�TGQvMIQSW»D[QSwºbeyszgQ�F}JgF}DGF�BNM6U�HKU��
�gM�BED[F}H,J�F�Tst�BKJgFIUg�gM�BEDGQpw¡Z1\�BKUgUgMI\�FIJg�§DGzgQ!WXR[H,T[TV�9HE|,QvR©BKJaw
t§�gD[BED[F}H,J�HKU�QvRxBED[HKRxTvb�ª«J�H,R[w�QSR+D[H/WXH,t=Ua��DGQ�DGzgQ�¼gDGJgQpTGT
HN~�FIJaw�FI|1FIwg�aBNM�Tv_�D[zgQv\�BKRGQ!D[R[BKJaTGMIBNDGQSw�F}J�DGH WXH,RGR[QSTGULH,Jaw�FIJg�
��J�Y�¯��gQSRGFIQST��;zaFIWxz$BNR[QsUaBKT[TGQSweDGH�D[zgQ]r/��OCWvWXQpTGT©w�Zgt$Tvb
yszgQk¼gDVD[QSTVD$F}JawgF}|1F�w��aBNM�T�BNR[QkTGQvMIQSWXDGQSw�DGH�~¤HKR[t DGzgQ�JgQvh1D
�KQSJgQvRxBED[F}H,J�BNJaw�DGzgQ t$BNJgFIUg�gM�BED[F}H,J
UgR[H�WXQST[T+F�TeRGQSULQpBEDGQpw
�gJ�DGFIMgJgH+TGFI�KJgF}¼LWvBKJ�D6FIt�UgR[HE|KQvt�QSJ,D6HN~�DGzaQ;ULH,Ug�gM�BEDGFIHKJ�WvBKJ
Z�QeH,ZaTVQSRG|,QSwºb�O]T�HK�gDGUg��Dp_.DGzgQeDGH1H,M¨w�QSM}FI|KQSR[TCQXh�UgR[QST[TGF}H,JaT
�;zgH�TVQ§WvHKR[RGQpTVU�HKJLw�F}Ja�=J1�gteZLQSR]HK~�DG�gUgMIQST�~­BNMIMIT]F}J�B$�aTGQvRG�
w�Qv¼aJgQSw FIJ�DGQvR[|EBNM9b
°�QÉzaBi|KQ t�F}JaQSw Du��H R[QSBKM¢�±M}F}~¤QÉwgBEDxBNZaB,TVQpT �;F¢D[z

�EDCO]^GFCªuA]�ebLf&HND[z waBED[BKZaBKTGQSTsWvHKJ�D[BKF}J�BNFIR[WvR[BN~�D&FIJaWvFIw�QSJ�D
wgBND[Bgb6yszgQst�F}JaF}Jg�!¯��gQpTuD[F}H,J§D[zaBED��&Q&zLBi|KQ&ULH�TVQpw+D[H�Z�HND[z
wgBND[BNZLBKTGQST;F�Tv�LKN°�zLBEDCBKRGQ�D[zgQ+UgR[HN¼aMIQST�HN~�R[FITG¦1\NMaFI�Kz�D[T OPK
y@H�HKJaQ§HN~©DGzgQpTVQ=wgBEDxBNZaB,TVQpTv_���QezaBi|KQ§ULH�TVQpw/TGHKt�QeB,wgw�F}�
DGFIHKJLBNM.t�F}JgFIJg�$¯��gQSTVDGFIHKJLT&WvHKJaWvQvR[JgFIJg�eT[BE~¤QvDu\¡BKTGULQpW»D[T�¬²TVQSQ
�1QpW»DGFIHKJ*�K®»b °�Q�zaBi|KQ$UgR[QSTGQvJ�D[QSw�DGzgQ�t=FIJgFIJg��R[QSTG�gM}D[T�D[H
T[BE~¤QXDu\/QXh�ULQSRVDxT+BED+H,�gR!M�BNZ�HKRxBEDGH,RG\�BKJaw�DGzgQ$HE|,QvRxBNMIM�WXHKJg�
WXMI�aTGF}H,J��sBKT]DGzaBNDCD[zgQ$BNJaTG��QSR[T�DGH�DGzgQ�t�F}JaF}Jg��¯��gQSTVDGFIHKJLT
�&QvR[Q�WXH,RGR[QSWXD@BNJLw!UgR[HKt�FITGFIJg�ab4yszaQ�t�FIJgF}Ja�CR[QSTG�gM}D[TPzaQvMIULQpw
T[BE~¤QXDu\ QXh�ULQSRVDxTkDGH��,BKF}J F}JLTVFI�Kz�D�F}JÅDGzaQ�wgBEDxBNZaB,TVQpTkBKJaw
zgH,ULQv~¤�gM}MI\kBKMITGH�¦1JgHE�;M}Qpw��KQ�FIJk~¤�gDG�gR[QKb

Q0R1Q SUT�V1WEXPT�Y[Z]\�^._
ª±DCzLBKT�Z�QvQSJ�R[QSWXH,�KJgF�TGQSw Z1\ TGQv|,QvRxBNMPR[QSTGQSBKR[WxzgQSR[T&D[zaBED��KQv�
JgQvDGF�W�BNMI�KH,RGF}DGzgt$T�t�FI�Kz�D�ZLQ*TV�gF}D[BKZgMIQ ~¤HKR/wgBND[B�t�FIJgF}Ja�

D[B,TV¦�T�¾ ¿g_�Àg_a`g_�jg_;oSlEÁ9bÃª«J ¾ ¿g_;opliÁ±_&B��KQSJgQXD[FIW�BNUaUgRGH�BKWxz
zaB,T]Z�QvQSJ/UgR[HKU�H,TGQSw�D[HkMIQSBKRGJ�¼LR[TVD�H,R[wgQvR]MIHK�,FIW§RG�aM}QpTCBKJaw
FIJ ¾ jEÁ±_aB=~¤RxBNt�Qv�&HKR[¦$F�T;UgR[HKU�H,TGQSw�~¤HKR�wgBND[B=t�F}JgFIJg�¡ZLBKTGQSw
HKJ��,QvJgQvDGF�W¡UgR[HK�,R[BKt�t=FIJg�Lb ª«J�¾ ÀNÁ±_�B��,QvJgQvDGF�W¡BNMI�KH,RGF}DGzgt
F�T§BNUaUgM}FIQSw FIJ�D[zgQ�WXH,J�DGQXh1D§HK~�w�F}R[QSWXD§t$BNR[¦KQvDGFIJg�ab ª«J�¾ `NÁ9_
B��KQvJaQvRxBNM&HE|KQvR[|1F}QS� HN~CB�UaBEDGDGQSRGJÃTVQpBNRxWxz�DGH1HKMsF�T=�KFI|KQvJ4b
��DxBNJawgBKR[w§TuDxBEDGF�TVDGF�WvBNM�t�QSB,TV�gR[QST¨BNR[Q©�LTVQpw�DGH�Qv|EBNMI�aBNDGQ©ULBEDV�
DGQSRGJLTvb
yszgQCQ�I.HKRGD[T&F}J�¾ ¿g_�ÀL_E`�_.oSliÁPBNR[Q�~¤H�Wv�aTGTGQSw¡DGHE�sBNRxwgT�t$BN�

WxzgFIJgQ M}QpBNR[JgF}Ja�a_�BNJLw DGzgQ�FIt�ULH,RVDxBNJ�D=wgBND[B/t=FIJgFIJg��FIT[TV�aQ
HN~PFIJ�DGQS�KRxBEDGFIHKJ$�;F}DGz wgBEDxBNZaB,TVQpT�F�T�TG�gU�QvRG¼LWXF�BNMIMI\�wgFIT[WX�aT[TGQSw
HKR$JaHND�w�F�TGWv�aT[TVQpw*BND�BNMIM²b O]M¢D[zgHK�a�KzÃDGzgQ�~¤RxBNt�QS��H,RG¦�FIJ
¾ jEÁ4TVDGR[QST[TVQpT©H,J�D[zgQ!F}J�D[Qv�KRxBED[F}H,J¡HN~¨�KQSJgQXD[FIW�UgR[HK�,R[BKt=t�FIJg�
BNJLw/wgBND[BNZLBKTGQSTS_.BKJ/QSMIBKZLH,R[BNDGQSw/BNUgUgR[H,B,Wxz�DGH F}t�UgMIQvt�QSJ,D
BNJLw�DGH¡QS|EBNMI�aBED[Q!DGzgQe~¤RxBNt�Qv�&HKR[¦¡F�T]JgHKDCUgR[QSTGQvJ�D[QSwºb#
a�gRV�
DGzaQvR[t=H,RGQ,_¨DGzgQkUgRGH,ULH�TVQpw BNMI�KHKR[F}DGzgt$T+FIJ ¾ ¿�_&oSliÁ;BNR[Q¡JgHKD
FIt=UaM}QSt=QSJ�DGQSw�B,Ts��QSM}M9b
cC�gRk��H,RG¦Ãw�FITVDGFIJg�,�gFITGzgQpT¡~¤R[HKt BNZ�HE|KQv�9t�QvJ�D[F}H,JgQSwÃQX~��

~¤HKRGD[T+HKJ DGzaQ$~¤HKMIM}HE�;FIJg��BKTGU�QSW»DxTvbb
¨F}RxTVDS_¨��Q$zaBi|,Q$F}t�UgMIQX�
t�QvJ�DGQpw�H,�gR;BNUgUaRGH�BKWxz�BKJaw¡zaBi|,QCBKUgUgMIF}Qpw�F}D;HKJ¡Du�&H=RGQpBNM}�
MIF¢~¤Q§waBED[BKZaBKTGQSTSb��1QpWXH,Jawº_a�&Q!UgR[HKU�H,TGQ!B�RGQv�²DxBNR[�KQXDxBNZgMIQ�BNRG�
WxzgF}DGQpW»DG�aRGQ,_ºF}J��;zgF�Wxz�Bk�KQvJaQXDGF�W=BNMI�KHKR[F}DGzgt F�T�F}J�DGQS�KRxBED[QSw
�;F}DGz¡wgBND[BNZLBKTGQSTSb4°�Q;JgHND[QsDGzaBND©F}J�¾ Àg_aopliÁaFIJaw�FI|1FIw��LBNM�T�BNR[Q
R[QvUgR[QSTGQvJ�DGQpwkB,T;ZgFIJaBNR[\�TVDGR[F}Ja�,TsHKRCBKTs|KQpW»D[HKRxTvb�yszgFIRxwº_g�&Q
zaBi|,Q�t$B,w�Q§B=¼aRxTuD]BNDVD[Qvt�U�D]D[H$t�H1wgQvM@B=¼aDGJgQpTGTs~¤�aJaW»D[F}H,J
TG�aWxz
D[zaBED$D[zgQ�J1�gt§Z�QvR�HN~!w�FITG¦
B,WvWXQpTGTGQST=t$Bi\�Z�Q�HKU�D[F¢�
t�FdcSQSwº_a�;zgFIWxz�TGULQSQSwgT;�aUkD[zgQ!t�F}JaF}Jg�¡TGQST[TGF}H,JPb
c]DGzaQvR¨RGQSMIBNDGQSw§RGQpTVQpBNRxWxz!zaBKT¨Z�QvQSJeR[QvU�HKRGDGQpw+FIJk¾}oS¿�_�oSÀEÁ9b

ª«J DGzgQpTVQ�Q�I.HKRGD[TS_=DGzgQ�BK��DGzgH,R[T��aTGQ�|EBNR[FIBKJ,DxT/HK~ B zgFIM}M
WXMIFIt§Z�QvR DGHÃFIwgQvJ�DGF}~¤\�DGzgQ��KR[HK�aU4¬­Tx®¡HK~!DG�gUaM}QpT�TGBNDGF�Tu~¤\1FIJg�
B�t�F}JaF}Jg�k¯,�aQSTVDGFIHKJPbs�1F}JLWXQ§B��,QvJgQvDGF�W»�±ZaBKTGQSw�BNMI�KH,RGF}DGzatÈFIT
WvBKUaBNZaM}Q+HK~�QXh�UgMIHKR[F}Ja��w�FdI�QSRGQSJ,D�UaBNRGD[TCHN~©B�TVQpBNRxWxz�TVUaB,WXQ,_
F}D¡zaBKTS_�Z1\*JaBED[�gRGQ,_&B�Z�QXDGDGQvR WxzaBNJLWXQ DGH�QpTGWSBNU�Qk~¤R[HKt B
MIH1WSBNMºH,U�DGFIt§�gt DGzaBKJ�BezaF}MIM4WXMIFIt§Z�QvRpb
O�t$BNÇuHKR�B,w�|EBNJ�D[BK�KQ;HK~PHK�gR&BNUgUgR[H,B,Wxz�FIT©DGzaBND&�&Q�zaBi|,Q

TGHKMI|KQSw�DGzgQ$ULBNRGDGF}DGFIHKJgFIJg� HN~&BNDVD[RGFIZg��D[Q=|EBKM}�gQpT+e��;zaFIWxz�FIT
JgQpWXQST[T[BNR[\�~¤HKR�t$BNJ1\+t�FIJgF}Ja��BKM}�,HKR[F¢D[zgt$T,e Z1\§WxzgH1H�TVFIJg��B
TG�gF¢DxBNZgMIQ;t§�gD[BED[F}H,J�HKU�QvRxBEDGH,R�¬­TGQvQ]�1QpW»D[F}H,J�¿�®»b¨ª«J��KQvJaQvRxBNM9_
wgBND[B¡t�FIJgFIJg� BKM}�,HKR[F¢D[zgt$T]R[QS¯��gFIR[QeB$D[QSWxzgJaFI¯��gQeDGzaBND�ULBNRG�
DGF}DGFIHKJLT]D[zgQewgHKt$BNFIJ�|EBNMI�gQSTCHN~&BNJ/BNDVDGR[FIZg��DGQ=FIJ/B¡MIF}t�F}DGQpw
TGQXD�HN~6RxBNJg�,QSTS_1TGQvQ+BKt�HKJg��TuDsHND[zgQvRxT!¾¢oE�SÁ±_LTGF}t�UgMI\¡Z�QSWvBK�aTGQ
WXH,JaTGFIw�QSRGFIJg�¡BKM}M@ULH�TGTGF}ZaM}Q!RxBNJg�,QST;HK~�w�HKt$BNFIJ�|EBNMI�gQST]FIT]F}J��
~¤QSB,TVFIZgMIQKbf
¨F}JLw�F}Ja�/B�UgR[HKU�QvR+ULBNRGDGF}DGFIHKJgFIJg��D[QSWxzgJgF�¯��gQ$~¤H,R
BEDGDGR[F}Za��DGQ!|EBNMI�gQpTsFIT;B=D[HK�g�,zkUgR[HKZaM}QSt ¾¢oP`iÁ±b

Q0Rhg ikj0l 8 YmT�YnXo\0lm^
ª«J��1QSWXDGFIHKJ�n�_4��Q¡w�F�T[WX�aT[T�DGzgQ$R[QvM�BED[F}H,J�Z�QXDu�&QvQSJ�TVQpBNRxWxz��
FIJg�kBKJaw/wgBND[B�t=FIJgFIJg��FIJ/t�H,RGQ=w�QXDxBNFIM²b�ª«J��1QpW»D[F}H,J�¿g_��&Q
D[BKF}MIHKR�B¡�,QvJgQvDGF�WeBKM}�,HKR[F¢D[zgt¥~¤HKR�t�F}JgFIJg� Ug�gR[ULH�TVQpTvb+�1FIJaWvQ
HK�aRe¼aDGJgQpTGTe~¤�gJaWXDGFIHKJÃ�KFI|KQpT§R[FITGQkDGH�HKU�D[F}t�FpcSBED[F}H,J
HK~]DGzaQ
J1�gt§Z�QvR$HK~�wgFITG¦
BKWSWXQpTGTGQSTS_©�&Q�w�FIT[WX�LTGTS_©FIJ��1QSWXDGFIHKJ�Àa_&B
J1�gt§Z�QvR�HN~PH,U�DGFIt�FdcpBEDGFIHKJ$R[�gMIQSTSb@ª«J �1QSWXDGFIHKJkmg_K�&QCw�F�TGWv�aT[T
DGzaQ+HE|KQSR[BKM}Mº�,QvJgQvDGF�W»�±ZaBKTGQSwkt�F}JgFIJg��BKM}�,HKR[F¢D[zgt�bs��QSW»D[F}H,J�q
F�T!w�Qv|,HNDGQpw�D[H DGzgQ¡BKR[WxzgF}DGQpW»D[�gRGQ�BNJLw/FIt�UgM}QSt�QvJ�D[BNDGFIHKJ�HN~
�EDCO]^GFCªuA]�ebºª«J��1QpW»D[F}H,J �1_.�&Q§R[QvU�HKRGDCH,J�TGHKt�Q§t�FIJgF}Ja�
R[QSTG�gM¢DxT;D[zaBED���Q§zaBi|KQ+H,Z�D[BKF}JaQSw�Z1\�t=FIJgFIJg�kB¡J��at§Z�QvR�HN~
wgBND[BNZLBKTGQSTSb6�1QpW»D[F}H,Jb`�WvHKJaWvM}�awgQST&DGzaQ!UaBNU�QvRpb

34



qpr sut,v;woxyv1z|{yt,v }p~���w �1{5}hv�t,~;z%����z%�p�1v x5{5��{�t,v
� �#� ������� ������� ����� �;�5� � ��� ���5�
���d�y�#� ������� �����1 ��5¡;��� � ¢.�  m���y� ���5�¤£���� ���5�
� �#� ����� ¥ �����1 ��5¡;��� � ����� �;�5� � ��� ���5�
¥ �#� ������£ ������� ¢.�  m���y� ���5�¦¥���� ���5�
���d�y�#� ������£ §G¨.�?©�� ª�«P� ����� �;�5� ����� ¢P�
¬�¬�¬ ¬�¬�¬ ¬�¬�¬ ¬�¬�¬ ¬�¬�¬ ¬�¬�¬ ¬�¬�¬

y¨BNZgMIQ�oK�©�1JLBNUaTGzgHND;HK~4DGzaQ+wgBEDxBNZaB,TVQ9�
�����.���
­ ® �¨�1�°¯ ¹ µ ¹ µ#± � µ · ��²P�6�a��³C¹ µ#±
ª«JkDGzgQ�~¤H,M}MIHE�;F}Ja�a_�B�wgBEDxBNZaB,TVQ�WXH,JaTVF�TVD[T&HN~6Be�aJgF}|,QvRxTGBKM.RGQv�
M�BEDGFIHKJ*¾ �SÁ±b�yszgQ§R[QvM�BED[F}H,J�FIT�w�QX¼LJgQSw/HE|KQvRCTVH,t=QeF}JLw�QvU�QvJ��
w�QSJ,D&TVFIJg�KMIQ;|EBNMI�gQSw$BNDVD[RGFIZg��D[QSTS_,TG�aWxz¡BKT ! ";"�´p_ ! "�"pµK_}bIbIb}_ ! "�"p¶._BNJLw¡F�T&BeTV�aZaTVQvD&HK~PDGzaQ+�&BKRVD[QSTGFIBKJ¡UgR[H�w��aW»D Y�\	· ¬ ! "�" ´ ®
¸
Y�\	· ¬ ! "�" µ ®¹¸�ºpºpº;¸ Ym\0· ¬ ! ";" ¶ ®»_KFIJ=�;zgFIWxz�w�H,t�¬ ! "�"¼»p®¨F�T¨DGzaQTGQXD�HN~¨|EBNMI�gQST&D[zaBED]WSBNJ ZLQ+B,TGTG�gt�QSwkZ1\kBEDGDGR[F}Za��DGQ ! ";"¼»KbO D[�gUgMIQ�FIT/BNJ�HKRxw�QSRGQpw MIFITVD/HK~�BNDVDGR[FIZg��DGQ
|iBKM}�aQST�D[H
�;zgF�Wxz/B¡�aJgFI¯��gQeFIwgQvJ�DGF}¼aQvRp_.RGQv~¤QvR[RGQpw�BKT]DGF�wº_.FIT�BNDVD[B,WxzgQSwPb
O�JeQXh�UgR[QST[TVFIHKJ�F�T@wgQX¼aJgQpw§B,T@B�WvHKJEÇu�aJaW»D[F}H,J§HN~gUaRGQpw�FIWSBED[QSTS_
BNJLw$FIT©�aTGQSw�D[H§TVQSM}QpW»DsB+TVQvD�HK~ºDG�gUgMIQST©~¤R[HKt DGzgQ�wgBEDxBNZaB,TVQ,_
�;zgF�Wxz¡FIJ¡DG�aRGJkRGQSUgRGQpTVQSJ�D[T©BeWXM�BKT[T�FIJ¡D[zgQ�waBED[BKZaBKTGQKb���HKJg�
TGFIw�QSR]D[zgQ=RGQSMIBNDGFIHKJ½�
�����.�����������0����� � ! �����#",$�&(�)�¾* ! ",�%��$'��-.�
/0���1* ���n� !'2¿! ���54�BNJaw B�TVJaBKUaTGzgHND�HK~ D[zgF�T�R[QvM�BEDGFIHKJ B,Tw�QSUgFIWXDGQpw�FIJ y@BKZgM}Q oKbÀ
gH,R QXhgBNt�UgMIQK_=DGzaQ�QXh�UgR[QST[TVFIHKJ
������������Á
< t$BNMIQ�=�TVQSM}QpW»DxTsDGzgQ�D[�gUgMIQSTCWXHKR[R[QSTGULH,Jaw�FIJg�§D[H$DGzaQ
t$BNMIQSTS_NF9b Q,b}_KDGzgQ&DG�aUgM}QpT;oK_,¿�BKJaw=À�F}J�y@BKZgMIQ�o,_ND[zgQsQXh�UgR[QSTV�
TGF}H,J ! ���Â81@ ¾¢oP`g_ nEÀKÁ(>Ã* ! "%�%��$���-oÁ
< M}QpBKTGQSwC=.TVQSM}QpW»DxT]D[zgQ�TVQvD
HN~CDG�gUaM}QpT¡WXH,RGR[QSTGULH,Jaw�FIJg��D[H�ULQSR[TGHKJLTeZ�QXDu�&QvQSJ�QvFI�Kz�DGQSQvJ
BNJLw=Du��QSJ,Du\+~¤HK�gR�\KQSBKR[T6H,MIw�w�R[FI|�FIJg�+B�MIQSB,TVQpw=WSBNRp_KF9b Q,b}_,DGzaQ
DG�aUgM}QpT+o§BKJaw�¿g_LQXDxWNb�O�t$BNFIJ�BKwg|iBKJ�D[BN�,Q!HN~�FIJ,D[RGH�w��LWXFIJg�
DGzaQ�JgHND[F}H,J$HN~.QXh�UgR[QST[TVFIHKJ�F�T6DGzLBED©�&Q]w�H!JgHKD©zaBi|,QsDGH!QvJ1���
t�QvRxBED[Q�QXh�UgMIFIWvF¢D[M}\$BKM}MaDG�gUgMIQST�HN~4B§WXM�BKT[Tv_�BNJaw�D[zgQvR[QX~¤H,RGQ�BKJ
QXh�UgR[QST[TGF}H,JkWvBKJkZ�Q�RGQS�,BKR[w�Qpw�B,T&B�TG�gt�t$BNR[\)ÄNw�QST[WXR[FIU�DGFIHKJ
HN~�B�WXM�BKT[Tvb©��Ha_aB�wgBND[BNZLBKTGQ�WvHKJ�D[BKF}JLT;BNJ�QvJgH,RGt�H,�aT&J��ate�
Z�QvRsHN~@WvMIB,TGTGQSTS_1BNJaw$QpBKWxz WXM�BKT[T�WSBNJ¡Z�QCR[QvUaRGQpTVQSJ,D[QSw¡B,T�BKJ
QXh�UgR[QST[TGF}H,J�HKR�B�w�F�T­Çu�gJaW»D[F}H,J�HN~6QXh�UgR[QST[TVFIHKJaTSb
A�HKDGQ,_�DGzgQ�w�F�T­Çu�gJaW»D[F}H,J�¬������0������Á
< t$BNMIQ�=Å> ! ���ÆÁ�nKl

>Ç",$�&(�EÁ
< ^�HKt�Q�=È>É* ! "%�%��$���-oÁ
< M}QpBKTGQSwC=H>Ê/0���1* �ÆÁ!�Nl�Ë
>À� !'2¿! ��� Á
< \,QSTo=�®ÍÌ'¬A�����0������Á
< ~¤Qvt$BNMIQ�=b> ! ���ÆÁ�¿�m
> "%$'&(��Á
< O�t$TuD[QvRxwgBNtb=Î> * ! "%�%��$���-oÁ
< JgHND MIQSB,TVQpwC=Í>
/0���1* � Á¹`Kl�Ëu>Í� !�23! ���ÆÁ
< \KQpT�=a®�F�T&B�TVDGRxBNFI�Kz�DV~¤H,RG�sBNRxw=�&Bi\
DGH$TGQvMIQSWXD;DGzgQ�¼aRxTVD;BKJawkDGzgQ+TGQSWvHKJaw�DG�aUgM}Q�~¤R[HKt£y@BKZgM}Q�o,b
��BED[B�t�FIJgFIJg�+t$Bi\+JgHE�ÃZLQ]RGQS�,BNRxw�QpweB,T6DGzgQCTVQpBNRxWxz§~¤H,R

�aTGQX~¤�gM9_EUgR[Qv|1FIHK�aTGM}\��gJg¦1JgHE�;J§QXh�UgR[QST[TVFIHKJaTº~¤RGH,t�BCTVULBKWXQ©HN~
QXh�UgR[QST[TGF}H,JaT��;F¢D[zgHK��D!FIJaTGULQpW»DGFIJg��D[zgQ$�;zgHKMIQ$TVULBKWXQ,b=yszaQ
TGQSBNRxWxz$TVULBKWXQ]FIT�~¤HKR[t=Qpw$Z1\=BKM}MLULH�TGTGFIZgM}QCQXh�UgR[QST[TVFIHKJLT��;F¢D[z
R[Qv�,BKR[w�DGH�B wgBND[BNZLBKTGQKb�A�HKDGQ�D[zaBED$D[zgQ�J1�gt§Z�QvR¡HK~�Qvh1�
UgR[QST[TVFIHKJLT��KR[HE��T�Qvh�ULH,JgQvJ�DGF�BNMIMI\ �;F}DGz/DGzgQ=J1�gt§Z�QvR�HK~�BEDG�
DGR[FIZg��DGQpT�BNJLw¡D[zgQ!J1�gt§Z�QvR;HK~@D[�gUgMIQST;FIJ DGzgQ+wgBND[BKZaBKTGQKb
O�M}DGzaHK�g�,z�DGzgQ��aTGQX~¤�aM}JgQpTGTCHN~&BNJ�Qvh1UaRGQpTGTGF}H,J��KQSJgQvRxBNMIMI\

w�QSULQSJawgT�H,J=DGzgQ�BKUgUgMIFIWSBEDGFIHKJ4_K�&Q;¦�JaHE�
Z�QX~¤HKR[QX�±zaBKJaweDGzaBND
DGzaQ�~¤H,M}MIHE�;F}Ja��DGzaRGQSQkWvBNDGQS�KHKR[FIQST+HK~�QXh�UgR[QST[TVFIHKJLT+�;FIM}MsJgHKD
Z�Q!F}J�DGQSRGQpTuD[F}Ja�ab
oKb;��h1UaRGQpTGTGF}H,JaT�DGzLBED@TGQvMIQSWXDGcvQvR[HsDG�aUgM}QpTvb¨O�J+QvhgBNt�UgMIQ�HN~
TG�aWxz�BNJ§Qvh�UgRGQpTGTGFIHKJ+F�T ! ���ÆÁ�nKl¹> ! ��� Á�¿Kqgb6�1FIJaWXQ;BN�,QF�TsB§TGF}Jg�,M}QC|EBNMI�gQSwkBEDVD[RGFIZg��D[QK_1JgHeDG�gUaM}QpT��;FIMIM.¯��aBKM}F}~¤\Kb

n�b;��h1UaRGQpTGTGF}H,JaT!D[zaBED¡TGQvMIQSWXD�B�TVQvD=HK~�BKRGZgF}DGRxBNR[\�DG�gUgMIQST
D[zaBED
w�H�JaHND�zaBi|,Q�BKJ1\�WXH,t=t�H,J½WxzaBKR[B,W»D[QvR[FITVDGF�WvTSb
�1�LWxzÃB�TVQvD�WSBNJÃQSB,TVFIM}\ Z�Q�HKZ�DxBNFIJgQSw
Z�\*B�w�F�T­Çu�gJaW»�
D[F}H,J HK~¨BKJ�BKRGZaF¢D[R[BKRG\�J1�gt§Z�QvR;HK~¨Qvh�UgRGQpTGTGFIHKJaTSb

¿gb;��h1UaRGQpTGTGF}H,JaT�DGzLBED*WvHKJaTGFITVD
HK~�B�TGFIJg�KMIQ�UgR[QSw�F�WvBNDGQ,_
WSBNMIM}QpwÈ��Ïd� 2 ���	" ! ��-;QXh�UgR[QST[TVFIHKJPb�Ë�JgHE�;MIQSw��,Q&�;F}DGz�RGQv�
��BNRxw!DGH�D[zgQSTGQsQXh�UgR[QST[TVFIHKJaT¨F�T�TuD[HKR[QSw§F}J=DGzaQswaBED[B�w�F�W»�
D[F}H,JaBNR[\K_��;zgF�Wxz FIT;QpBKTGF}MI\¡BKWSWXQpTGTGF}ZaM}Q,b
yszgQSRGQv~¤HKR[QK_¡�&Q w�F�TGWSBNRxw DGzgQpTVQ WSBED[Qv�KH,RGFIQST�~¤R[HKt DGzaQ

TGQSBNRxWxz�TVUaB,WXQ+Z1\kF}t�U�H,TGF}Jg�¡DGzgQ§~¤HKMIM}HE�;FIJg��RGQpTuD[RGF�W»D[F}H,JaTsD[H
QXh�UgR[QST[TGF}H,JaTv��oi®CBKJ�BEDVD[RGFIZg��D[Q¡BNUgU�QSBKR[T�BND+t=H�TuD+H,JaWXQ�FIJ
BNJ§QXh�UgR[QST[TVFIHKJP_Nn,®Pw�F�T¤Çu�aJaW»D[F}H,JaT¨HN~gQXh�UgR[QST[TGF}H,JaT4BKRGQ�JaHND�BNM}�
MIHE��QpweFIJ�DGzaQCTGQSBNRxWxz�TVUaB,WXQ,_,BNJLw$¿,®�BKJ$QXh�UgR[QST[TVFIHKJ�TVzaHK�gM�w
WXH,J�D[BNFIJ�BED;M}QpBKTVD�HKJgQ!WvHKJEÇu�gJLW»DGFIHKJ4b
�1HL_NDGzaQ]QvMIQvt�QSJ,DxT�HK~�D[zgQCTGQSBKR[Wxz$TGUaBKWvQ�BNR[Q�QXh�UgR[QST[TGF}H,JaT

DGzLBED¡TGBNDGF�Tu~¤\*BNZ�HE|KQX�±t�QvJ�DGFIHKJaQSw�R[QSTVDGR[FIWXDGFIHKJaTSb*yszaQ�WxzLBNM}�
MIQvJg�,Q/F�T�D[HÃWvHKt�Q/�aU �;F}DGzÅTGQSBKR[WxzÅTuD[R[BNDGQv�,F}QpT$D[zaBED�BNR[Q
BNZaM}Q�DGH�¼aJaw�D[zgQ F}J�DGQSRGQpTuD[F}Ja�/QvMIQvt�QSJ,DxT§Z1\�FIJaTGULQpW»DGFIJg��B
R[QvM�BEDGFI|KQSM}\¡TGt$BNMIMPUaBKRVD;HN~@DGzgQ+TGQSBKR[Wxz TVULBKWXQ,b

Ð Ñ ¹ µ ¹ µ#±�Ò ¹u�E³ ± ² µ ²º�g¹V���(Ó ± ¶��a¹u�E³+¯ �
ª«J=DGzgF�T�TGQSWXDGFIHKJP_,��Q;w�F�TGWv�aT[T6DGzgQ;F�T[TV�gQpT¨DGzaBND�UgM�Bi\§B�RGH,M}QsFIJ
D[BKF}MIHKR[FIJg�=B��,QvJgQvDGF�W�BNMI�KHKR[F}DGzgt ~¤H,R�wgBEDxB=t=FIJgFIJg�ab©��QSW»D[F}H,J
¿gbIo]F�T&w�Qv|,HNDGQpw�DGH§DGzgQ�R[QvUgR[QSTGQvJ�D[BNDGFIHKJ$HK~PF}JawgF}|1F�w��aBNM�T&F}JkB
U�HKUg�gM�BED[F}H,JPb�yszgQSJP_.F}J/�1QpW»D[F}H,J/¿gb n�_L��Q§wgFIT[WX�aT[T]B$¼gDGJgQpTGT
~¤�gJaWXDGFIHKJP_1�;zgF�Wxz¡WXH,t�Ug��DGQpT�D[zgQC¯��aBKM}F}Du\eHK~PBNJ$FIJaw�FI|�F�w��aBKM²b

¨F}JLBNMIM}\,_�F}JÃ�1QSWXDGFIHKJ*¿ab ¿a_6��Q w�FIT[WX�LTGT§DGzgQkDu�&H/HKU�QvRxBED[HKRxT
DGzLBED]BNR[Q��aTVQpwkDGH$t$BNJgFIUg�gM�BED[Q!BNJ F}JawgF}|1F�w��aBNM9b
Ô�R1Q SUT�Õm^�T : T @ XPWEX 8 \ @
O]TCTuDxBED[QSw F}J/��QSW»D[F}H,J�n�_aBKJ�QXh�UgR[QST[TVFIHKJ FIT]B$WXHKJNÇu�gJaW»D[F}H,J
HN~¨UgR[QSw�F�WvBNDGQST;BKJaw�B=UgRGQpw�F�WvBED[Q�FIT;w�Qv¼aJgQpwkH,J B�wgBND[BKZaBKTGQ
BEDGDGR[F}Za��DGQ,b*O�J�FIJaw�FI|1FIw��LBNMsFIT$wgQX¼aJgQpw*B,T�BNJÃQXh�UgR[QST[TVFIHKJ
DGH=�;zgF�WxzkTGHKt�Q]R[QSTVDGR[F�W»DGFIHKJLT�BKRGQCF}t�U�H,TGQSw¡�;F}DGzkRGQS�,BKR[w=D[H
DGzaQ!JgHNDxBEDGFIHKJ HN~6QvMIQvt�QSJ,DxBNR[\$QXh�UgR[QST[TVFIHKJLTvb
yszgQ=JgHNDxBED[F}H,J�HN~�BKJ�QvMIQvt�QSJ,DxBNR[\�QXh�UgR[QST[TVFIHKJ/wgQvU�QvJawgT

HKJkDGzaQ�wgHKt$BNFIJ�Du\1U�Q�HN~¨DGzgQ�FIJ�|,HKMI|KQpw�BEDGDGR[F}Za��DGQ,b�ª±~4DGzaQvR[Q
QXh�F�TuDxT+JgH�H,R[wgQvR[F}Jg��R[QvM�BED[F}H,JaTGzgF}U Z�QXDu�&QvQSJ DGzgQ�BNDVD[RGFIZg��D[Q
|EBNMI�gQST�HK~=BKJ BNDVDGR[FIZg��DGQ ! ";"9_���Q R[QvUgR[QSTGQvJ�D�BNJ QvMIQvt�QvJ��D[BKRG\*QXh�UgR[QST[TVFIHKJ�B,T�~¤HKMIM}HE��TS�A�ÆÖ�/0����× × �1$'� �¼Á ! ";"¹81:�¬1Ø�´E_
Ø'µN_IbIb}bI_ Ø'¶L®»_PFIJ��;zaFIWxzÙØ'Ú#ÛÃw�HKt�¬ ! ";"�®»_©oNÜ|Ý+ÜßÞ�beª«J/D[zgFIT
�sBi\K_º�&Q=Qvh�UgRGQpTGT�D[zaBED+BKJ�BNDVDGR[FIZg��DGQ ! ";"�B,TGTG�gt�QST�H,JgQ�HN~DGzaQ+|EBNMI�gQST]F}J�D[zgQeTGQXD9àPØ�´i_	Ø'µK_Ib}bIbI_ Ø'¶�á�b�ª±~©BKJ�HKRxw�QvR[FIJg��RGQv�
M�BEDGFIHKJLTVzgFIU�Qvh1F�TVD[TCZLQvDu��QSQvJ�D[zgQew�H,t$BNFIJ�|EBNMI�gQSTCHN~©BKJ/BEDG�
DGR[FIZg��DGQ,_KBNJ=QvMIQvt�QSJ,DxBNR[\�QXh�UgR[QST[TVFIHKJ+F�T�w�QSJgHND[QSw§B,T���Ö�/0�Æ��×�â
×��1$����¼Á ! "�"E81@�¾ Ø Úyã Ø�äpÁ±_'Ý?Üæå._NFIJe�;zgF�Wxz�¾ Ø Ú�ã Ø�äpÁgR[QvUaRGQpTVQSJ,DxT
DGzaQ!|iBKM}�aQSTs�;F}DGzgFIJ DGzgQ!RxBNJg�,Q�HN~mØ Ú BNJawUØ�ä1b
O�U�HKUg�aMIBNDGFIHKJ�F�T]w�Qv¼aJgQSw�B,T�B¡TGQXD]HK~�F}JawgF}|1F�w��aBNM�TSbsO]J

QXhgBKt=UaM}Q;HK~ºB�U�HKUa�gMIBNDGFIHKJP_,ZaBKTGQSw=H,J�DGzgQ�R[QvM�BED[F}H,J¿�
���������»_
F�Ts�KFI|KQvJ FIJb
¨FI�K�gR[Q�oKb
Ô�Rhg ç 8 X @ T :o:¿è l @�é X 8 \ @
�1FIJaWXQ�B!�KQSJgQXD[FIW]BNMI�KHKR[F}DGzgt FIT&BNFIt�QSw=DGH+DGzgQCHKU�D[F}t�FpcSBED[F}H,J
HN~PB+¼gDGJgQpTGT�~¤�gJaWXDGFIHKJP_�DGzaFIT©~¤�gJaWXDGFIHKJ¡F�T�H,JgQ�HN~ºD[zgQ]¦,Qv\�T6D[H

35



ê	ëíì î�ï�ðEñ�ï�ò ð�óôó;õ ö9÷�ø¼ùPú ûaüþý î�ï ð�ñ ÿ ����� ���
	
ê���ì ý î�ï ð�ñ6ÿ 
 ��� �
�
	 ü��5ý
� ï�î��oò�� ðIó9ó;õ ø¼ù�÷��,ù���ú û

ü�� ����ð ð�óôó;õ ���Pöôùoú � õ �íö�� �5ù"!#��÷oö¿ú � õ%$�÷
&%!'��ú û
ê)(#ì î�ï�ðEñ�ï�ò ð�óôó;õ ö9÷�ø¼ùPú ûaüþý î�ï ð�ñ ÿ 
 ��� ���
	 ü�5ý
� ï�î��oò�� ðIó9ó;õ ø¼ù�÷��,ù���ú û
ê)*#ì î�ï�ðEñ�ï�ò ð�óôó;õ +pù ö9÷oø¼ùPú ûaü ý î�ï ðIñ6ÿ 
 ��� ��,-	 ü�5ý
� ï�î��oò�� ðIó9ó;õ ø¼ù�÷��,ù���ú ûaü/. ò#0 � ï ð�ñ6ÿ 1 ,
23�4��,
,
25	
ê�6�ì î�ï�ðEñ�ï�ò ð�óôó;õ ö9÷�ø¼ùPú ûaü7. ò#0 � ï ð�ñ ÿ 
 ,
23� � 1 25	


¨F}�,�gRGQ�o,����hgBNt�UgMIQCHK~6B=U�HKUg�aMIBNDGFIHKJ
TG�aWvWvQST[Tvb���HKJaTGQS¯��gQSJ,D[M}\,_@B ¼gD[JgQST[T�~¤�gJLW»DGFIHKJ*TVzgH,�gM�w�R[QvUg�
R[QSTGQvJ�D]F�TGTG�gQST]DGzLBEDCUaMIBi\�B¡R[HKMIQ+FIJ�DGzgQ=HKUgDGFIt=FpcSBNDGFIHKJ�HK~©B
TGULQpWXF}¼LW+UgR[HKZaM}QSt bCf�Qv~¤HKR[Q!QvJ1�gt�QvRxBED[F}Ja��B$J1�gt§Z�QvR�HN~�F�TV�
TG�gQST�DGzaBND&UgM�Bi\�B!RGH,M}Q]F}J$D[zgQCWvHKJ�DGQvh1D�HN~4waBED[B+t=FIJgFIJg�a_��&Q
FIJ,D[RGH�w��LWXQ�DGzgQ!JaHNDGFIHKJLTsHN~�WXHE|KQSRSb8 T:9 @�8 X 8 \ @ Q<; Y4QXD>=ÈZ�Q�B=wgBND[BNZLBKTGQCBNJLw�? BKJ�FIJaw�FI|1FIw1�

�aBKMCw�Qv¼aJgQpw�HKJ@=�b�yszgQSJP_sDGzgQ/J��at§Z�QvR�HK~�DG�gUgMIQST
D[zaBED�T[BEDGF�TV¼aQST�DGzaQ�Qvh�UgRGQpTGTGFIHKJkWvHKR[RGQpTVU�HKJLw�F}Ja�+DGHA?�FIT
WSBNMIM}Qpw DGzgQ=WXHE|KQSR;HN~B?4_.BNJLw�FITCw�QvJgHKDGQpw�BKTDC�E)Fa¬G=k®�CEb
yszgQ�TGQXD�HN~�DG�gUgMIQST�TGBNDGF�Tu~¤\1FIJg�5?$FIT�w�QvJaHNDGQpw�BKTHE�F�¬I=�®»b
A�HKDGQ�D[zaBEDJ?*WvBNJ Z�Q¡R[Qv�,BKR[wgQSw�BKT+B�wgQST[WXR[F}U�D[F}H,J HN~;B

WXM�BKT[T!FIJK= BNJLw�E F ¬G=�®§TV�at=t$BKRGFpcvQpT�DGzgQ�DG�gUaM}QpTeT[BED[FITV~¤\��
FIJg�L?4b�°�F}DGzgFIJ B�WvMIB,TGT$�&Q/WSBNJ�w�Qv¼aJgQ/TG�gZ.WXM�BKT[TVQpTvb ª«J
DGzaQe~¤H,M}MIHE�;FIJg�a_.�&QeR[Qv��BNRxw DGzgQ$WXM�BKT[TGF¢¼LWSBED[F}H,J�UgR[HKZgMIQvt B,T
~¤HKMIMIHE��Tv��ML������� ! " ! ������"L*�Ï ! ×Æ×ON �a×�� ! ��*"PÈ����",������×�"������N×�QSR�â
*�Ï ! × ×���× �L�GT��
Td�����������P�1�UQ ! Ï¼×Æ��&(��"VP����þ*�Ï ! × ×JN»b�°�Q§JaHNDGQ+DGzaBND
DGzaQ�DxBNR[�KQXD=WXM�BKT[T+F�T+D[zgQ WvMIB,TGT§HN~;D[�gUgMIQST=F}J*�;zgF�Wxz�F}J�D[QvRG�
QSTVDGFIJg�¡¦1JgHE�;MIQSwg�KQ+TGzgHK�gM�w�Z�QeTGQSBKR[WxzgQpwk~¤HKRpb]�1�gUgU�H,TGQ+�&Q
�sBNJ�DeD[H�Qvh�ULH�TVQ�DGzgQ�UgR[HN¼aMIQSTeHN~CRGF�TV¦1\�w�R[F}|,QvRxTv_�F9b QKbI_�DGzaQ
WXM�BKT[T�HN~&ULQSR[TGHKJLT��;F¢D[z�¬­t�HKR[QeD[zaBNJ�Bi|,QvRxBN�KQi®�WxzaBKJaWXQpT�HN~
WvBK�aTGF}Jg��BNJ�BKWSWXF�w�QvJ�Dp_�~¤RGH,t DGzaQ�waBED[BKZaBKTGQô�9���������»b�yszgQvJP_
DGzaQSTGQ�UgR[HN¼aMIQST$TGzgHK�aMIw�Z�Q/TGQSBNRxWxzgQpw�~¤H,R¡F}J�B�WvMIB,TGT$DGzaBND
R[QSWXH,R[waT!DGzaQ WxzaBKR[B,W»D[QvR[FITVDGF�WvT!HK~]w�R[F}|,QvRxT!DGzLBED$WvBN�LTVQpw�BKWX�
WXF�w�QSJ,DxTvb$�1�aWxz B WXM�BKT[TCt$Bi\�Z�Q$w�QST[WXR[FIZLQpw�B,T¿� !�23! ���
Á
¬,< \KQpT�= ®»b
°�Q]~¤QSQvM�DGzaBND�D[zgQC~¤HKMIM}HE�;FIJg�§F�T[TV�gQpT©UaMIBi\¡B§RGH,M}QCF}J WXM�BKTV�

TGF¢¼LWSBED[F}H,JkUgR[HKZaM}QSt�TSbW yszgQ$WvHE|KQvRCHN~�DGzgQ=D[BKRG�,QXD!WXM�BKT[Tvb=�1F}JLWXQ=RGQpTV�gM}D[TC~¤R[HKtwgBND[B�t=FIJgFIJg�kBKRGQ§�aTVQpw�~¤HKR�FIJ�~¤HKR[t�QSw�w�QpWXF�TVFIHKJ/t�BK¦��
FIJg�a_©¦�JaHE�;M}Qpw��KQ¡Qvh1DGRxBKW»D[QSw ~¤R[HKt waBED[BKZaBKTGQSTeTVzaHK�gM�w
Z�Q&TG�gUgU�HKRGDGQpw!Z1\!B]TGF}�,JgF¢¼�WvBNJ�D4ULBNRGD@HN~aDGzgQ&wgBEDxBNZaB,TVQ,b
yszgF�T�FIJaWXR[QSB,TVQpT§D[zgQ�RGQSM}F�BNZaF}MIF¢Du\
HN~]D[zgQ�RGQpTV�aM¢DxTvb��1Ha_
B/¼gDGJaQST[T=~¤�gJaW»D[F}H,J�TVzgH,�gM�w�D[BK¦KQ F}J�D[H B,WvWvHK�gJ�D=DGzaBND
TGt$BNMIMPWXHE|KQSR[TsBKRGQ��gJaw�QpTVFIR[QSwºbW yszgQkR[BNDGFIH/HK~;DGzgQ WXHE|KQSR§HK~]BNJ�FIJaw�FI|1FIw��LBNMX?
D[H�DGzaQ
WvHE|KQvR�HK~©DGzaQ�D[BNR[�KQvD+WXM�BKT[TYN»_@F²b QKbI_[Z \ �U]_^H`Ga \ }#]_^H` ZZ \ } ]_^H` Z b$ª±~
D[zgQ!R[BNDGFIHeF�T;WXMIH,TGQ�DGH$lg_1D[zgF�T;t�QSBNJLT©D[zaBED�H,JgMI\�Be~¤Qv�
D[�gUgMIQST¨HN~gD[zgQ�D[BNR[�KQvD¨WvMIB,TGT@TGBNDGF�Tu~¤\!FIJaw�FI|1FIw��LBNM�?4b¨yszgFIT
F�T��gJLw�QSTGF}R[QSw ~¤H,R;DGzaQeT[BNt�Q+R[QSBKTGHKJ�BKT]B¡TVt$BKM}M¨WXHE|KQSR
~¤H,R&B�DxBNR[�KQvD&WXM�BKT[TSb@ª±~ºD[zgQCRxBED[F}H§FIT&WXMIH,TGQ;DGHkoK_�BNMIt�H,TVD
BKM}MLDG�gUaM}QpT©HK~�D[zgQCD[BNR[�KQvD�WXM�BKT[T�T[BED[FITV~¤\3?4b�yszgF�T�F�T�BKMITGH
�gJLw�QSTGF}R[QSw ZLQpWvBK�aTVQ�DGzaFIT �;FIM}M!R[QSTG�gM}D FIJ ¦1JgHE�;MIQSw��,Q
D[zaBED FITkHN~�D[QvJ�¦1JgHE�;JPb O ¼gD[JgQST[T¡~¤�aJaW»D[F}H,J TVzaHK�gM�w
DxBN¦KQ�D[zgQSTGQ!UgR[HKU�QvRGDGFIQST&F}J�D[H¡BKWvWvHK�gJ�Dpb

|| ||p(D)

0

1.0

F(p)

σ

β |||| (D)tσ ||

(D)tσ

t (D)σ||


¨F}�,�gR[Q!ng�©�1zaBKULQ�HN~¨DGzaQ�¼gDGJgQpTGT&~¤�aJaW»D[F}H,J
y¨BN¦1F}Ja��FIJ,D[HkB,WvWXH,�gJ�D�BKZLHE|,QX�±t=QSJ�DGFIHKJgQpwkF�T[TV�gQpTv_.�&Q§zaBi|,Q
w�Qv¼aJgQSwkD[zgQ�~¤HKMIM}HE�;FIJg�e¼gDGJaQST[Ts~¤�gJaWXDGFIHKJP�

b$¬c?.®?Á

deeef eeeg
Z \ �U]_^H`Ga \ }']h^H` Zi Z \ }']_^H` Z j ¬VNV® F}~>C�E)Fg¬G=�®lkmESnX¬G=�®
C

ÜKopC-E n ¬I=�®�CZ \ � ]_^H`Ga \ } ]h^H` Z�qXZ \ } ]_^�` ZZ \ } ]_^H`V` Z ] i q ´ ` j ¬VNV® HKDGzgQSRG�;F�TVQ
FIJk�;zgF�Wxz�lsrKo ÜÅoK_aBKJaw

j ¬GNV®aÁut l F}~ Z \ }']_^�` ZZ \ ]_^H` Z Üwv �;F}DGz�l¿Üxv ÜÅo
o HND[zgQvR[�;F�TVQ

°�Q+JgHND[Q!DGzLBED]D[zgQ+|EBNMI�gQpT;~¤HKRAv
BKJaw7o
TGzgHK�gM�w�Z�Q§w�QX�
¼aJgQpw�Z1\�DGzgQk�aTGQvR�BNJaw��;FIMIM&|EBKRG\�~¤HKR�w�FdI�QSRGQSJ,D�BNUgUaM}F�WvBN�
DGFIHKJLTvb yszgQ�|EBNMI�gQ�HN~�v�wgQX¼aJgQpT$D[zgQ�~¤RxBKW»D[F}H,J*HK~�DG�gUgMIQST
DGzLBED�B�DxBNR[�KQXD©WvMIB,TGT�TGzgH,�gMIw�WvHKJ�D[BKF}J�FIJ$HKRxw�QvR6D[H+ZLQCB!WvBNJg�
w�F�wgBED[Qs~¤HKR�~¤�aRVD[zgQvR�QXh�UgMIHKRxBEDGFIHKJ4b@yszgQ;|EBNMI�gQ>o�w�Qv¼aJgQpT�DGzaQ
~¤RxBKW»D[F}H,J�HN~�DG�gUaM}QpT]D[zaBED!BNJ�F}JLw�F}|1F�w��aBKM6TGzgH,�gMIw/RGQSUgR[QSTGQvJ�D
�;F}DGzgFIJ�B�D[BKRG�,QXD+WXM�BKT[T!FIJ�HKRxw�QvR+DGH�HKZgD[BNFIJ DGzaQ¡t$BEh�F}t$BKM
¼gD[JgQST[Tvb!ª«J6
¨F}�,�gR[Q=n�_.D[zgQ�TVzaBKULQ=HN~©DGzgQe¼gDGJaQST[T]~¤�aJaW»D[F}H,J
F�TsUgRGQpTVQSJ�DGQSwPb
yszgQ�¼gDGJaQST[T@�,RGHE��T4M}FIJgQpBNR[M}\��;F}DGzeDGzgQ&J1�gt§Z�QvR6HN~aDG�gUgMIQST

T[BEDGF�TV~¤\�FIJg�=DGzaQ+w�QST[WXR[F}UgDGFIHKJ�HK~6BKJkFIJaw�FI|1FIwg�aBNMy?�B,Ts��QSM}MPB,T
T[BEDGF�TV~¤\�FIJg�§B!D[BNR[�KQvD©WXM�BKT[THN»_�F²b QKbI_BC-E)Fg¬G=k®zkDEynv¬I=�®�CN_�BKZLHE|,Q
B��aTGQvRG�«w�QX¼aJaQSw |EBNMI�gQKv�_§BNJaw�wgQSWXR[QSB,TVQpT�M}FIJgQpBNR[M}\ �;F¢D[zC-E�F�¬I=�®lkmEynX¬I=�®�C�BN~�DGQSR;RGQpBKWxzgFIJg�eDGzgQ!|EBNMI�gQ3o{C�EynX¬G=k®�CEb
ª±D�TVzgH,�gM�w+Z�QsWvM}QpBNR@DGzaBND¨H,�gR¨�KH,BKM,F�T@DGH�TVQpBNRxWxz!~¤HKR@DGzaH,TGQ

FIJaw�FI|�F�w��aBKMITkD[zaBED�BNUgUaRGHih�FIt�BNDGQ/B
¼gD[JgQST[T�HK~Do{C�EynX¬G=k®�CEb
��HKJLTVF�w�QvR+DGzgQ$DxBNR[�KQvD!WvMIB,TGTU� !�23! ���¿Á ¬5< \,QSTo= ®�D[zaBED=WXHKJg�
TGFITVD[T�HK~CoSl,lgb lKl,l�DG�gUaM}QpTvb¡OCTGTG�gt�Q=DGzaBND!B UgR[HN¼LM}Q�F�T!WXHKJg�
TGFIw�QSRGQpw
R[F�TV¦1\�F}~�BKZLH,��D¡¿Klab l,lKl�H,��D¡HN~=oSl,lgb lKlKl/ULQSR[TGHKJLT
T[BEDGF�TV~¤\�D[zgFIT]UgR[HN¼aMIQKbsyszgF�T�t�QSBKJaT;D[zaBEDJo�| l)º ¿gbsO]T[TV�ate�
FIJg�+D[zaBEDs¿K¿gb lKl,l�HN~ºD[zgQ]U�QvRxTVH,JaT�D[zaBEDsWvBK�aTVQpw¡BNJkBKWvWvFIwgQvJ�D
BNR[Qs\KH,�gJg��t�BKM}QpTv_KDGzgQ�BKM}�,HKR[F¢D[zgtÂTGzgHK�gM�we¼aJaw=FIJaw�FI|�F�w��aBKMIT
MIF}¦,Qô�����0������81:�¬,< t$BNMIQ�= ®�> ! ���¾81@�¾}oSja_ n�`EÁ±b
Ô�RpÔ }uW @m8 Õ�l�V1W)X 8 \ @ \�ÕíT�^�WEXP\�^ :
ª«J�D[zgFIT�TGQSW»D[F}H,JP_.��Qew�FIT[WX�LTGT]DGzgQeQ�I.QSWXD[TCHN~�DGzaQ§t§�gD[BED[F}H,J
BNJLwkWvRGH�TGTV�9HE|,QvR�HKU�QvRxBEDGH,RsHKJ�BNJ�F}JLw�F}|1F�w��aBKM²b}ÃlmXoWEX 8 \ @ R O]T�TVD[BED[QSw�FIJ�DGzgQeF}J�D[RGH�w��aWXDGFIHKJ�HK~¨D[zgF�TCTGQSWX�
DGFIHKJ4_©B/te��D[BNDGFIHKJ�t�H�w�F}¼aQST�BKJ
FIJaw�FI|�F�w��aBKM²b�ª«JÃw�QX¼LJgF}Ja�
DGzaQ�t§�gD[BED[F}H,J�HKU�QvRxBED[HKRp_4�&Q¡D[BK¦KQ$FIJ�DGH/B,WvWXH,�gJ�D+DGzaQkw�HK�
t$BNFIJ
Du\1U�Q�HN~�BNJ�BEDVD[RGFIZg��D[QKbÃª±~CD[zgQvR[Q�QXh�F�TuDxT�JgH HKRxw�QvRG�
FIJg��R[QvM�BEDGFIHKJLTVzgFIU ZLQvDu��QSQvJ D[zgQ�w�H,t�BKF}J�|EBKM}�gQpTv_@DGzaQvJ��&Q

36



RxBNJaw�H,t�M}\ TVQSM}QpW»DeBKJ
BEDGDGR[F}Za��DGQk|iBKM}�aQkBNJLw RGQSUgMIB,WXQ¡F}DeZ1\
BNJaHNDGzaQvR;|EBNMI�gQK_a�;zgFIWxz�WSBNJ ZLQ+B$AC{]Y4Y |EBKM}�gQ+B,Ts��QSM}M9_gFIJ
BNJ�Qvh�UgRGQpTGTGFIHKJ DGzaBND�WvHKJ�D[BKF}JaT;DGzgF�TCBNDVD[RGFIZg��D[QKb#
gH,R]Qvh�BKt=�
UgMIQK_1B!t§�gD[BED[F}H,J$HKJ¡BNDVDGR[FIZg��DGQ]"%$'&(�+HN~ºFIJaw�FI|1FIw��LBNMz? µ ¬²TVQSQ

¨F}�,�gR[Q�oi®¨t$Bi\§R[QSTG�gM¢D�FIJ�DGH>?4~ µ Á ! ���?8;@�¾ nKjg_ ÀKÀKÁ)>A",$�&(�98;:
¬,< ^;H,t=Q�=}_�< yszaQLDCBN�,�gQ�=I_E<¢�&BNFIRGH	= ®�> * ! ",�%��$'��-�81:�¬,< M}QpBKTGQSwC= ®»b
ª±~�DGzgQSRGQ�Qvh1F�TVD[T$B R[QvM�BEDGFIHKJLTVzgFIUÃZLQvDu��QSQvJÃDGzgQ�wgHKt$BNFIJ

|EBNMI�gQST�HK~sBKJ�BEDVD[RGFIZg��D[QK_4DGzgQ¡te��D[BNDGFIHKJ�HKU�QvRxBED[HKR!BKWXD[T!FIJ
DGzaQ§WvB,TVQ�DGzLBED]B$TGF}Jg�,M}Q!|EBKM}�gQ!F�T�B,TGTGH�WXF�BEDGQpw¡�;F}DGz�D[zgFITCBEDG�
DGR[FIZg��DGQ�F}J�BKJ�Qvh�UgRGQpTGTGFIHKJP_@F²b QKbI_4D[zgQ¡Qvh1UaRGQpTGTGF}H,J�MIH1HK¦�T+B,T
! "�"�81:=¬�Ø��»®»_�B,T�~¤H,M}MIHE��Tvb6YPQvD�¾ Ø�� ã Ø��[Á.Z�QCD[zgQ�w�HKt$BNFIJ¡HK~@BEDG�DGR[FIZg��DGQ ! ";"9b@ª«J=HKRxw�QSR@D[H�t§��DxBEDGQLØ��S_K�&QsWxzgH1H,TGQ�RxBNJawgHKt�M}\
B¡|EBKM}�gQ����UÛÃ¾ l ã ¬�Ø��5� Ø��[®��.Á±_ºFIJ/�;zgF�Wxz/l Ü��nÜ�o,b�yszaQ
UaBKR[BKt=QvDGQSR���FIT§�aTVQpw�DGH/WvHKJ�DGR[HKM�DGzgQkt�BNh�F}t$BNM©F}JaWvRGQpBKTGQ
HKR�w�QSWvRGQpBKTGQ+HN~©BKJ/BEDGDGR[F}Za��DGQe|iBKM}�aQKb�yszgQ§te��D[BNDGQSw�|iBKM}�aQ
Ø)~� F�T;w�QX¼LJgQSw�BKTBØ)~� ÁæØ��������!H,R�Øz~� ÁæØ������
�+BKT&MIHKJg�$B,T
Ø)~� Û�¾ Ø�� ã Ø��xÁ9b�y@H�zaBKJaw�MIQ$HE|KQvR�MaHE�!_ºF9b Q,b}_@F¢~�Ø)~�m�Û ¾ Ø�� ã Ø��[Á9_
�&Q�B,TGTG�gt�QeDGzaBND!DGzgQ¡TG�aWvWvQST[TVH,RCHK~íØ��eF�TÂØ��X_¨BNJawº_@WXHKJLTVQv�
¯��gQvJ�D[M}\�D[zgQCUaRGQpw�QSWvQST[TVH,R�HK~�Ø � FITBØ � b�y@HeWvHKt�Ug��D[Q�B§t§���
D[BNDGQpw�|EBNMI�gQÅØ)~� BKUgUgR[HKUgR[F�BEDGQSM}\,_6��Q w�FITVDGFIJg�,�gFITGz
Z�QXDu�&QvQSJ
�;zgQvDGzgQSRUØ � �;FIM}M�Z�Q�FIJaWvRGQpBKTGQSw�HKR�w�QpWXR[QSBKTGQSwP_��;zgF�Wxz�FIT
RxBNJaw�H,t�M}\$w�QvDGQvR[t�F}JaQSwºb�ª«JkDGzgQ!WSBKTGQ�DGzLBED�Ø � F�T�FIJaWvRGQpBKTGQSw

Ø ~� Áu� Ø��X���
� F¢~(Ø����K���]Û ¾ Ø�� ã Ø��GÁ
Ø��X���
�O��¬�Ø��p�ÙØ��x® HNDGzaQvR[�;FITGQ

BNJLw�FIJ DGzgQ+WSBKTGQ¹Ø � FIT;wgQSWXR[QSB,TVQpw
Ø ~� Á � Ø��H���
� F¢~(Ø��������]Û ¾ Ø�� ã Ø��GÁ

Ø � ��� � ��¬1Ø � �ÙØ � ® HNDGzaQvR[�;FITGQ
YPQvDC�aT�WXH,JaTGFIw�QSR�D[zgQeTGF¢D[�aBED[F}H,J�FIJ��;zgF�Wxz�t�HKR[Q!DGzaBKJ�HKJaQ
|EBNMI�gQ!F�T]BKT[TGH1WvFIBNDGQpw��;F}DGz�BKJ�BNDVD[RGFIZg��D[Q ! "�"PF}J�BKJ�QXh�UgR[QSTV�TGF}H,JPb
ª±~�B/MIFITVD$HN~]JaHKJ�TV�aWSWXQpTGTGF}|,Q�¬­QvJ1�gt�QvRxBNZgMIQp®§|EBNMI�gQST
F�T]BKT[TGH1WvFIBNDGQpwk�;F}DGz ! ";"9_a�&Q§TGQvMIQSWXD]HKJgQ!HK~6DGzgQe|iBKM}�aQST�BKJawWXH,t�Ug��DGQCDGzaQCJgQS��|EBNMI�gQ�BKWvWvHKRxw�FIJg�!DGH=HKJaQCHK~ºDGzgQ!BNZ�HE|KQv�
t�QvJ�DGFIHKJaQSw�~¤H,RGte�gM�BKTSb�ª±~�B/RxBNJa�KQ�HK~CTG�aWvWvQST[TVFI|KQ¡|EBKM}�gQpTv_
F9b Q,b}_;BNJ�FIJ�DGQvR[|EBNM9_�F�T¡B,TGTGH�WXF�BEDGQpw
�;F}DGz ! ";"9_s��Q�TGQvMIQSW»D¡QSF¢�DGzaQvR&DGzgQ�MIHE��QSR©HKR��gUgU�QvRsZ�HK�gJaw�|EBNMI�gQ�BKJaw$te��D[BNDGQ�F¢Dpb�O
U�HNDGQSJ�DGF�BNM@wgFIT[BKw�|EBKJ,DxBN�,Q!HN~6DGzgF�T�TuD[R[BNDGQv�,\¡~¤H,R]FIJ,D[QvR[|EBNM�T;FIT
DGzLBEDeBKJ�F}J�DGQSRG|EBKM©t$Bi\/Z�Q�TGF}�,JgF¢¼�WvBNJ�D[M}\�QvJgM�BNR[�KQpwº_4F}~;DGzaQ
t§�gD[BED[QSw*|EBNMI�gQ WvRGH�TGTGQSTeB�wgHKt$BNFIJ
Z�HK�gJLwgBNR[\Kb*���gUgU�H,TGQ
DGzLBED�DGzgQ�w�H,t�BKF}J�HN~ ! ����FIT�¾}oo`g_ qKlNÁ9_ºBKJaw��&Qete��D[BNDGQ=DGzaQ�gUgU�QvR�ZLH,�gJaw*|iBKM}�aQ�HN~]D[zgQ�QXh�UgR[QST[TGF}H,J ! ���38;@ ¾ m,m ã mKjEÁ±_
F9b Q,b}_¨DGzaQ�|EBNMI�gQkmKjgb�O]T[TG�gt�F}Jg��DGzaBND+DGzgQk|EBNMI�gQkmNj�FIT§F}J��
WXR[QSB,TVQpw¡Z1\�qa_1DGzgQSJ�mKj=FITste��D[BNDGQSwkFIJkD[zgQ!|EBNMI�gQ+nN¿ab6yszaQ
JgQS�ÅQvh1UaRGQpTGTGF}H,J�Z�QSWvHKt�QST ! ���¾81@�¾ nN¿ ã mKmEÁ9b
°�Q�JgHKDGQkDGzaBNDeD[zgQkULBNRGDGF}DGFIHKJgFIJg��HK~CBEDGDGR[F}Zg�gDGQ�|EBKM}�gQpTv_

F9b Q,b}_LDGzgQeTVQSM}QpW»DGFIHKJ�HK~�UgRGH,ULQSR�FIJ,D[QvR[|EBNM�T;F}J�BNJ�QXh�UgR[QST[TVFIHKJ4_
F�T�TVFIt�UgM}\eBKwiÇu�aTVDGQpw§Z1\�D[zgQst§��DxBEDGFIHKJ=HKU�QvRxBED[HKRpb4O]T6JaHNDGQpw
Z�QX~¤HKR[QK_�UaBKRVD[F¢D[F}H,JgF}Ja��HN~©BNDVD[RGFIZg��D[Q§|EBNMI�gQSTCF�T]FIJ��KQSJgQvRxBNM@B
DGH,�g�Kz UgR[HKZgMIQvt�¾¢oP`iÁ9b� ^�\ :P:-� \)�	T�^�R yszgQkFIw�QpB�Z�QvzgFIJaw*B�WXR[H,T[TVHE|,QvR!H,ULQSR[BNDGFIHKJ
F�TCB,T;~¤HKMIMIHE��T���F¢DCD[BK¦KQSTCBKT]F}JgUa��D!n$QXh�UgR[QST[TVFIHKJaTS_LTGQvMIQSWXD[TCB
RxBNJaw�H,t U�HKFIJ�DS_�BNJaw QvhgWxzaBNJg�,QST�D[zgQ�TG�gZLQvh�UgRGQpTGTGFIHKJaT!Z�QX�
zgFIJaw*DGzgF�T�U�HKFIJ,Dpb�y4H FIM}MI�aTVDGRxBEDGQ D[zgFIT�F�w�QpBg_©�&Q�WXH,JaTVF�w�QSR
B�R[QvM�BEDGFIHKJ/�!¬ ! "�"�´E_ ! ";"hµN_Ib}bIbI_ ! "�"p¶g®�BNJawkDu�&H=Qvh�UgRGQpTGTGFIHKJaTS_y� Ú
BNJLwm� » _gFIJ��;zgF�Wxz ! Ï�ÏgBEDGDGR[F}Zg�gDGQST]BNR[Q�FIJ1|KH,M}|,QSwºb�Y4QXDJ� Ú Z�Q

w�Qv¼aJgQSw$B,T6~¤HKMIMIHE��Tv�&¬G� Ú ´ >�� Úµ >�� Ú� >¿ºpºdº5>�� Ú ä q ´ >�� Ú ä >�� Ú ä�� ´ >
ºpºdº.>�� Ú¶ ®X_aFIJ��;zgFIWxz/� Ú� R[QvUgR[QSTGQvJ�D[T;BKJ�QvMIQvt�QvJ�D[BKRG\�QXh�UgR[QSTV�TGF}H,J�FIJk�;zgF�WxzkBNDVD[RGFIZg��D[Q ! ";" � F�T&F}J1|,HKMI|KQSwPb¨O]Jawº_gMIQXD>� » Z�Q
w�Qv¼aJgQSw$B,T]¬I� » ´ >�� » µ >�� » � >¿ºdºpº5>�� » ä q ´ >�� » ä >�� » ä�� ´ >3ºdºpº5>�� » ¶ ®»b
yszgQSJP_PBkWvRGH�TGTV�±HE|KQvR]ZLQvDu��QSQvJ�� Ú BNJLw�� » BED�U�HKFIJ,D
å�t�Bi\
R[QSTG�gM¢D�F}J�DGH§DGzgQ]~¤HKMIM}HE�;FIJg��Du�&H+QXh�UgR[QST[TGF}H,JaTv_KJaBNt�QvMI\�� Ú_� Á
¬G� Ú ´ >�� Úµ >�� Ú� >[ºpºdº)>�� Ú ä q ´ >�� Ú ä >�� » ä�� ´ >[ºpºdº)>�� » ¶ ®$BKJaw� »�� ÁÂ¬I� » ´ >�� » µ >�� » � >½ºdºpºo>m� » ä q ´ >�� » ä >�� Ú ä-� ´ >½ºdºpºP>m� Ú¶ ®»b
ª«J��KQSJgQvRxBNM9_�JgHKDCBNMIM@BNDVDGR[FIZg��DGQpT��;FIM}M@ZLQ§F}J1|KH,M}|,QSwkF}J�BKJ

QXh�UgR[QST[TGF}H,JPb]yszgF�T]t$Bi\�zaBi|,Q§TVH,t�Q+�gJaw�QpTVFIR[QSw�Q�I�QpW»D[TC~¤H,R
B=WXR[H,T[Tu�±HE|KQSR]¾ qEÁ9b©�1H,M}�gDGFIHKJaT�DGHeDGzaQSTGQ�Q�I�QpW»DxT;BNR[QCBNM�TGHew�F�Tu�
WX�LTGTGQSwkF}J�¾ qEÁ±b  ¡�¢ �g¹y¯ ¹'£º�¨�g¹u¶ µ �a¸¾Óy²4�
°�Q+w�FIT[WX�LTGT�Du�&H=UaRGH,ULH�TVF}DGFIHKJaT©DGzLBED�t$Bi\$ZLQ!�LTVQpw¡D[H=UaRGQv�
|KQSJ�D4DGzaQ©QXh�UgMIHKRxBED[F}H,J!HN~g�gJaUgRGHK¼gD[BKZgMIQ©FIJaw�FI|�F�w��aBKMITSb@yszaQSTGQ
UgR[HKU�H,TGF¢D[F}H,JaT�BKRGQ+w�QSRGFI|KQpw ~¤RGH,t D[zgQeTGzaBKULQ+HK~6DGzgQ§¼gDGJgQpTGT
~¤�gJaWXDGFIHKJPb�yszgQ;WvHKt�UgMIQXh�F¢Du\§HN~ºBC�,QvJgQvDGF�W»�±ZaBKTGQSweBNMI�KH,RGF}DGzgt
F�T&wgQXDGQSRGt�FIJgQSw�Z1\eD[zgQ�Qv|EBNMI�aBED[F}H,J�HK~ºDGzgQ�¼gD[JgQST[T�~¤�gJaW»D[F}H,J
¾}oSqiÁ±b*f&QX~¤H,RGQkUgR[QSTGQvJ�DGFIJg��DGzgQpTVQ UgR[HKU�H,TGF¢D[F}H,JaTv_©��Q F}J�D[RGHK�
w��aWvQ�DGzgQ!JaHNDGFIHKJ HN~�B�TVFIt�F}M�BNR;HK~¨BKJkFIJaw�FI|1FIw��LBNM9b8 T:9 @�8 X 8 \ @ gl; Y4QXD/MIQvJa�NDGz@¬c?�®�ZLQ
DGzgQÃJ1�gt§Z�QvR�HN~$QvMIQX�

t�QvJ�DxBNR[\�QXh�UgR[QST[TVFIHKJLT�F}J1|KH,M}|,QSw
F}J�?@b O�J�FIJaw�FI|1FIw1�
�aBKM�?B¤I¥§¦ FIT=B ×�� 2 ��Ï ! �eHN~H?
F}~�QSB,Wxz�QvMIQvt�QSJ,DxBNR[\�Qvh1�
UgR[QST[TGF}H,J¡HN~S?B¤I¥§¦ÃFIT;WvHKJ�D[BKF}JaQSw$FIJD? HKR¨?©¤ª¥c¦�WvHKJ�D[BKF}JLT
QpBKWxz�QvMIQvt�QvJ�DxBNR[\¡QXh�UgR[QST[TVFIHKJ HN~B?�BKJaw M}QSJg�ND[z4¬c?B¤I¥c¦�®�Á�M}QSJg�ND[z4¬c?.®»b
O]T�TVD[BNDGQpweFIJ=DGzgQs~¤H,RGQS�KH,F}Jg�L_E��Q;TGQSBKR[Wxz§~¤HKR�FIJaw�FI|�F�w��aBKMIT

�;F}DGz
zaF}�,z
|EBNMI�gQST§~¤HKR=D[zgQ�¼aDGJgQpTGTe~¤�gJaWXDGFIHKJ«b�bþ
gHKReDGzaQ
w�Qv¼aJgF}DGFIHKJ HK~Db�_]�&Q/R[QX~¤QSR�D[H��1QpW»D[F}H,J ¿gb n�b A�HKDGQ�DGzaBND
DGzaQ�WXHKt�Ug�gD[BED[F}H,JeHK~©b$¬§?�®¨R[QS¯��gFIRGQpT@DGzgQ;J1�gteZLQSR�HN~�DG�gUgMIQST
DGzLBED=T[BED[FITV~¤\ F}JLw�F}|1F�w��aBKM�?@b��1Ha_6D[zgQSTGQ¡D[�gUgMIQST=TVzaHK�gM�w�Z�Q
TGQSBNRxWxzgQpw ~¤HKR�BNJaw
RGQvDGR[F}QS|KQpw ~¤RGH,t DGzgQ�wgBND[BNZLBKTGQK_��;zgF�Wxz
F�TCBkWXH,TVDGMI\ HKU�QvRxBEDGFIHKJ�¾ �pÁ±bCO]M¢D[zgHK�a�Kz/TGQv|,QvRxBNMºD[QSWxzgJgF�¯��gQST
t$Bi\!ZLQ&�aTGQSw§DGH�t�F}JgFIt�FdcSQ&DGzgQsJ1�gt§Z�QvR6HK~aRGQvDGR[F}QS|EBNM�TP~¤R[HKt
B§waBED[BKZaBKTGQ§¾ miÁ±_�TuD[F}MIMLM�BNR[�KQCBNt�HK�gJ�DxT©HK~ºDG�gUgMIQST&zaBi|,Q;DGH=Z�Q
R[QXDGR[FIQv|KQpw$~¤R[HKt DGzgQ+wgBND[BKZaBKTGQCFIJ�t�F}JgFIJg�¡BKUgUgMIFIWSBEDGFIHKJLTvb
ª«J¡D[zgQC~¤HKMIM}HE�;FIJg�a_�Du�&H§UgR[HKU�H,TGF}DGFIHKJaT��;F}MIM.ZLQ�UgR[QSTGQvJ�D[QSw

DGzLBEDCt$Bi\ ZLQe�aTGQSw DGH Bi|KH,FIwkDGzaQeWXH,t�Ug��D[BNDGFIHKJ�HK~�¼gDGJgQpTGT
|EBNMI�gQST�HN~6�gJgUgR[HN¼gDxBNZgMIQ!FIJaw�FI|�F�w��aBKMITSb�yszaQSTGQ!UgRGH,ULH�TVF}DGFIHKJLT
w�QpWXF�w�Q!F¢~¨DGzaQ�¼gDGJgQpTGTs|EBKM}�gQ!HK~¨B�TGF}t�FIMIBKR;HN~�BNJ F}JawgF}|1F�w��aBNM?�F�T&��H,R[TGQ;D[zaBNJ�DGzgQC¼gDGJaQST[T©HK~S?4b6ª±~PD[zgFIT&F�T�DGzgQ�WvB,TVQ,_KD[zgFIT
TGF}t�FIMIBKR�WvBNJ Z�Q!QXhgWXMI�aw�Qpw�~¤R[HKtÈDGzgQ+TGQSBKR[WxzkUgRGH�WvQST[Tvb¬ ^�\�Õí\ :P8 X 8 \ @ Q<; Y4QXDS?B¤I¥§¦�Z�Q�B;TGFIt=FIM�BNRPHK~�?@b4ª±~�C�E)Fg¬G=�®"kESnX¬G=�®
C¹Üxo{C�Eyn»¬G=k®�C�BKJaw$MIQvJg�KDGz4¬§?©¤ª¥c¦;®O­�M}QSJg�ND[z4¬c?.®

D[zgQvJ/b$¬c?B¤I¥§¦s®LÜxb$¬§?�®»b¬ ^�\G\ è R 
gR[HKt M}QSJg�ND[z4¬c?B¤I¥§¦s®7­ÄM}QSJg�ND[z4¬c?.®=~¤HKMIM}HE��T$DGzaBNDE)F
®%¯ °¨¬G=k®w±²E)Fg¬G=�®Xb�O]T/B�WXHKJLTVQp¯,�aQvJaWvQK_³C-E�F�®%¯ °@¬G=k®JkEynX¬I=�®�C¹Ü´C-E�Fa¬G=�®lkmESnX¬G=�®
CEb��1FIJaWvQµC-E)Fg¬G=k®lkmEynX¬G=k®�C¹Üo{C�EynX¬G=k®�CE_�F}D;~¤HKMIMIHE��T>b$¬c? ®%¯ ° ®LÜ«b$¬c?.®»b>¶¬ ^�\�Õí\ :P8 X 8 \ @ gl; Y4QXDS? ¤I¥§¦ Z�Q�B;TGFIt=FIM�BNRPHK~�?@b4ª±~�C�E F ¬G=�®"kE n ¬G=�®
CA·xo{C�E n ¬G=k®�C�BKJaw$MIQvJg�KDGz4¬§? ¤ª¥c¦ ®Or�M}QSJg�ND[z4¬c?.®
D[zgQvJ/b$¬c? ¤I¥§¦ ®LÜxb$¬§?�®»b

37



¬ ^�\G\ è R �1FIt�F}M�BNRsD[H�DGzgQ!UgR[H1HN~¨HN~�`�R[HKU�H,TGF¢D[F}H,J�oKb>¶
A�HKDGQ©DGzaBND@D[zgQ�UaRGH,ULH�TVF}DGFIHKJaT@w�H�JgHND¨RGQp¯,�aF}R[Q�B,wgw�F}DGFIHKJaBKM

R[QXDGR[FIQv|EBNM�T@~¤RGH,t�B�wgBEDxBNZaB,TVQ�DGH!w�QpWXF�w�Q;F¢~©b$¬c?B¤I¥c¦�®BÜ«b$¬§?�®»b
yszgQÃUgR[HKU�H,TGF¢D[F}H,JaT�t$Bi\�WXH,J,D[RGFIZg��D[Q
FIJ�H,U�DGFIt�FdcSF}Jg�ÅDGzaQ
TGQSBNRxWxz�UgR[H�WXQpTGTeF}JÃw�FdI�QSRGQSJ,D$�sBi\�Tvb��C�gQ DGH TVUaB,WXQ M}FIt�F¢�
D[BNDGFIHKJP_a��Q!w�F�TGWv�aT[T;BNJ�BNUgUgMIF�WvBED[F}H,J BND�ULH,Ug�gM�BED[F}H,JkMIQv|,QvM9b
^;QpWvBNMIMLDGzaBND;BeWXR[H,T[Tu�±HE|KQSR�F�T&BKUgUgMIF}Qpw¡H,J�B§t$BNDGFIJg�eULBNFIR

BNJLw�RGQpTV�aM¢DxT§FIJ�DGH�Du��H�H�I.TGUgR[F}Ja�,TSb �1�aUgULH�TVQ�DGzaBND�B/t§���
D[BNDGFIHKJ�F�T�U�QvRG~¤HKR[t�QSw�BN~�DGQvR�B¡WvRGH�TGTV�9HE|,QvRp_�BNJaw�D[zgQ§ULBNR[QvJ�D
BNJLw�D[zgQ�H'IºTVUgR[FIJg���;F}DGzÃD[zgQ�zgF}�,zgQSTVD�¼gDGJaQST[T�|iBKM}�aQST�BNR[Q
QvMIFI�KFIZgM}Q D[H�ZLQ�te��D[BNDGQSw ¬­TGQvQ/��QSW»D[F}H,J�m,®»bÅ��H,JaTVF�w�QSR�BKJ
H'IºTGUgRGFIJg�O?©¸;R[QSTG�gM}DGQSw$~¤RGH,t BeWXR[H,T[Tu�±HE|KQSRS_NBKJaw$MIQXD¨?<¸�ZLQ�B
TGF}t�FIMIBKRCHK~l?4_.HKJgQeHN~©F}D[T�UaBKRGQSJ�D[TSb]ª±~©�&QeWSBNJ/w�QpWXF�w�QeDGzaBNDb$¬c?©¸v® Ü¹b$¬c?.®»_@DGzgQSJ�F¢D§F�T!QvÆ$WvF}QSJ�D+DGH�te��D[BNDGQ�?©¸ib yszaQ
R[QSBKTGHKJ F�T!D[zaBED�WXHKt�Ug�gD[BED[F}H,J�HKJ�BKJ��gJgte��D[BNDGQSwL?<¸��;FIM}M
Z�Q+Be�sBKTVDGFIJg��HN~¨Q�I.HKRGDSbº �æÓ ± ¶��L¹«�)³¾¯
f&QX~¤H,RGQ+w�QpTGWvRGFIZgFIJg��DGzaQ+HE|KQSR[BKM}Mº�,QvJgQvDGF�W»�±ZaBKTGQSw t�F}JaF}Jg�kBNM}�
�KH,RGF}DGzat _1�&Q!w�FIT[WX�LTGTsB=t�QSWxzaBKJgFITGt DGH$TGQvMIQSWXDsBKJkFIJaw�FI|1FIw1�
�aBKM.~¤HKR�B�JgQvh�D;�,QvJgQSR[BNDGFIHKJPb
yszgQCt=QpWxzaBNJaFITGt½DGH�TVQSM}QpW»D�FIJaw�FI|1FIwg�aBNM�T�~¤H,R&B§JgQv� �KQvJg�

QvRxBED[F}H,J�F�TsZaBKTGQSwkHKJkDGzaQ�DGQSWxzaJgFI¯��gQ�HK~@QvMIF}DGF�TuD�R[QSWvHKt§ZaF}JaBN�
DGFIHKJ ¾}oSjiÁ±b�O]WSWXHKRxw�FIJg�=DGH=DGzaFIT&D[QSWxzgJgF�¯��gQK_gDGzgQ�FIJaw�FI|�F�w��aBKMIT
FIJ+BsULH,Ug�gM�BEDGFIHKJ!BKRGQ6RxBNJaw�H,t�M}\�TVz1��»$QSwPb@yszgQSJP_vD[zgQ©WvRGH�TGTV�
HE|KQSR�HKU�QvRxBED[F}H,J�FITCBNUgUaM}FIQSw�H,J�QSB,Wxz�t$BEDGFIJg�¡ULBNFIRS_�RGQpTV�aM¢DG�
FIJg�kFIJ�DGH�Du��H H'IºTVUaRGFIJg�,TSb!yszgQ=UaBNR[QvJ�D�BKJaw�D[zgQ=H'IºTVUgR[FIJg�
�;F}DGz¡D[zgQ�zgFI�KzgQpTuD&¼gDGJaQST[T�|EBKM}�gQ�BNR[QCTGQvMIQSWXDGQSw¡~¤HKR&DGzaQCJgQvh1D
�KQSJgQvRxBED[F}H,JPb]ª«J/DGzgF�T��&Bi\,_aD[zgQvR[Q§F�T�B�w�FIRGQpW»D!WXH,t=U�QXD[F¢D[F}H,J
Z�QXDu�&QvQvJ D[zgQ!H'IºTVUaRGFIJg�,TsBKJaw¡D[zgQvFIR�HE�;J UaBNR[QvJ�DxTvb
yszgQ¡QSM}F}DGF�TVD§RGQpWXH,t§ZgFIJaBED[F}H,J�DGQSWxzaJgFI¯��gQ�zaBKT§ZLQSQvJ�WxzgHK�

TGQvJ=~¤HKR6Du�&H�RGQpBKTGHKJaTSb�
¨F}RxTVDS_ND[zgQvR[QsFIT�JgH�JgQvQpw§D[H!TVU�QSWvF¢~¤\=B
UaBKRVD[FIWv�gMIBKR&WvRGH�TGTV�±HE|KQvR�UaRGH,ZaBNZgFIMIF¢Du\,_�TGF}JLWXQ�QSBKWxz�F}JawgF}|1F�w��aBNM
F�T�FIJ�|,HKMI|KQpwkFIJ�Qvh�B,W»D[M}\ HKJgQeWXR[H,T[Tu�±HE|KQSRSbs�1QSWvHKJawº_LDGzaQvR[Q+FIT
JgH¡JaQvQSw ~¤H,R]FIJ�DGQvR[t�QSw�F�BED[Q+U�HKUg�gM�BED[F}H,JaT�FIJ�H,R[w�QSR;DGH��KQvJg�
QvRxBED[QeB�JgQv�ÂU�HKUa�gMIBNDGFIHKJ�BKTCFIT]DGzgQ$WSBKTGQ§FIJ�B$D[R[B,w�F}DGFIHKJaBKM
�KQSJgQXD[FIW�BNMI�KHKR[F}DGzgt�bkyszaQSTGQ¡UgR[HKU�QvRGDGFIQST+TGF}t�UgMIF}~¤\/D[zgQ¡FIte�
UgMIQvt�QvJ�DxBEDGFIHKJÃHN~!B��KQSJgQXD[FIW�BNMI�KH,RGF}DGzat b�Y4QXD$�aT$H,��DGMIF}JaQ
DGzaQ!HE|KQvRxBNMIM.BNMI�KHKR[F}DGzgt�b
yszgQ
BKM}�,HKR[F¢D[zgt'TVD[BKRVDxT��;F}DGz�D[zgQ
FIJgF}DGF�BNMIFdcpBEDGFIHKJ�HK~¡B

U�HKUg�gM�BED[F}H,J�WvHKJaTGFITVDGFIJg� HN~sBNJ/QS|KQSJ/J1�gt§Z�QvR�HK~�FIJaw�FI|�F�w����
BNM�TS_KWvBKM}MIQSws¼$¬VNV®Xb�yszgQ;F}JLw�F}|1F�w��aBKMIT�FIJ=DGzgF�T�U�HKUg�aMIBNDGFIHKJ$BNR[Q
TGz��y»�Qpwºb�yszgQSJP_�DGzgQ§WvRGH�TGTV�±HE|KQvRsH,ULQSR[BNDGFIHKJ�F�T]BNUaUgM}FIQSw�H,J
Du�&H�TV�aWSWXQpTGTGF}|,Q�F}JLw�F}|1F�w��aBKMITSb@O�~�DGQvR¨WXH,t=UaM}QvDGFIHKJ!HN~�B�WvRGH�TGTV�
HE|KQSRS_aDGzgQe¼gD[JgQST[T�|iBKM}�aQSTCHN~�DGzaQeUaBKRGQSJ�D[T]BKRGQ=WXH,t=ULBNR[QSw ´ �
DGzaQ�UaBNR[QvJ�D��;F}DGz�D[zgQ/zaF}�,zgQSTVD�|EBNMI�gQ�F�T�TGQvMIQSWXDGQSw�BKJaw�F}D
t$Bi\�Z�Q�t§��DxBEDGQpw��;F¢D[z�B�UaRGH,ZaBNZgFIMIF¢Du\K½Nb yszgF�T$UaBNR[QvJ�Dp_?4~¾G¿�À _�FIT$B,wgw�QSw
DGH D[zgQ�JgQXh1D¡�,QvJgQSR[BNDGFIHKJP_©BKJaw*F}J�WvB,TVQ�F}DF�T¡t§�gD[BED[QSw�F}D[T�¼aDGJgQpTGT�|iBKM}�aQ�FIT�WXHKt�Ug�gDGQSwPb�yszaQvJP_s~¤H,R
QSB,Wxz�H'IºTVUgR[FIJg�a_�?©¸E_L��Q�D[QSTVD]F¢~6D[zgFIT]H'IºTVUaRGFIJg�$F�T]B$TGF}t�FIMIBKR
HN~H?<~¾V¿�À BNJaw
F¢~�F}D[Te¼gD[JgQST[T§|EBKM}�gQ F�T§�&HKRxTVQ�HKR§Qp¯��aBNM�DGzaBKJ?4~¾G¿�À b�ª±~�D[zgFIT�F�TCDGzgQ�WvB,TVQ,_z? ¸ F�T�BNJ/�aJgUgR[HKt�FITGFIJg��FIJaw�FI|1FIw1�
�aBKM²_PBKJawº_.DGzaQvR[QX~¤HKR[QK_.�&QeBKM}�sBi\�T]te��D[BNDGQA? ¸ b=c]D[zgQvR[�;F�TVQ,_
�&Q&te��D[BNDGQ¨? ¸ �;F}DGz=UgR[HKZaBKZgF}MIF}Du\�½Eb�A�HND[QK_ED[H!WXHKt�UaBKRGQ�DGzaQ
¼gD[JgQST[T!|EBNMI�gQ�ZLQvDu��QSQvJ7?4~¾G¿�À BNJawm? ¸ _4D[zgQ$UgR[HKU�H,TGF¢D[F}H,JaT�HN~

ë §�¨P�y�;��Á � ��«.�5�b� ¡;�½� ��¡;�y� �P�wÂ5���>Ã.«P ;�5�æ� ¢.�æ�1 ���¡;�y�ÅÄ��  �¨.�
� ��ª���¡ªÆ  ;¨.� ¬

Ã.¡;��ª�¡%� �«Ç��y¢P�5 IÆ%Âa����ª���¡ªÆ  ;¨.�3ÈÆ�¢�Æ  IÆ¼� �%Æ%É5�-ÊhËpÊ_ÌGÍIÍ ÈÎyÏ ��Ð3ÑYËpÊhÌGÍlÒ Ï�Ó Ê Ð�Í Ï Ò{ÈÓ¨Ô ÊÕËpÊ_Ì:Öb��ÍGÍl× Ø�Ù�Ö ��È Ó¨Ô ÊÕËpÊ_ÌGÍIÍB× Ø �ÚÈÛ ©�ÜÞÝ)ß Ó¨Ô ÊhËpÊ_Ì)ÖU��ÍGÍSà Ó¨Ô ÊhËpÊ_ÌGÍIÍBá³ÙXÒ ÏÓ¨Ô ÊhËpÊ_ÌGÍIÍB× Ø Ó¨Ô ÊhËpÊ_ÌzÖ ��ÍGÍl× Ø �ÚÈâ × ØÈ��È
��¨�«Úã���ÊhËpÊhÌGÍGÍ�ÈÛ ©�ÜÞÝ)ß â>ä$ÔSÐ«ÔKØSÛ Ú»Ò�Î}Ð»Ñ Ï±Î åGË Ò ÏÂ5¡������Gæ���Á��5¡#Ê Ð�ç�è_Ð�ç"é ëëê�ì ë è ì � Í�ÈÜ Î³Ó Ê Ð�ç�ÍBí Ó Ê Ð�ç"é ë Í�§�©�ß©î³Ð ¾V¿�À × Ø[Ð
çß<Ýyï�ß�Ð ¾V¿�À × Ø[Ð
ç�é ëÎ Ü È

�B«P ��Æ ;�-Ê Ð ¾V¿�À èIð ê ÐUÔ¾G¿�À Í ÈÜ Î Ð Ô¾G¿�À©ñØsÐ ¾V¿�À §�©�ß©î Ó Ê Ð Ô¾V¿�À Í Î Ü ÈÐUÔ¾G¿�Àzò ËpÊhÌ:ÖU��Í ÈÎyÏ �Ló5ØH��è��5Ò ÏÜ Î Êp�IÆ��>Æ��¼� ¡�Ê ÐUÔ¾G¿�À è ì�ô ÍC�XîXÒ Ó Ê ìëô Í©õ Ó Ê ÐUÔ¾V¿�À ÍGÍ§�©�ß©îf�í«P %�Æ ;��Ê ì ô è���ö � ê�ì Ô ô Í Èß<Ýyï�ß¤�í«P %�Æ ;��Ê ì ô è ð êÚì Ô ô Í ÈÎ Ü ÈÏ Ò{ÈÓ Ê ì Ô ë Í�È Ó Ê ì Ô � Í ÈÜ Î³Ó Ê ì Ô ë ÍBí Ó Ê ì Ô � Í�§�©�ß<î ì Ô ë ò ËpÊhÌ:Ö ��Íß<Ý�ï
ß ì Ô � ò ËpÊhÌzÖU��Í ÈÎ Ü Èâ × Ø â Ö¿�ÚÈÏ Ò{ÈÎ ��¡SÐAÑ3ËpÊ_ÌGÍBÒ Ï�Ó¨Ô ÊÕËpÊ_ÌGÍIÍB× Ø Ó¨Ô ÊÕËpÊ_ÌGÍIÍzÖ Ó Ê Ð�Í Ï Ò{ÈÎ ��¡SÐAÑ3ËpÊ_Ì:Öb��ÍBÒ ÏÓ¨Ô ÊhËpÊhÌzÖU��ÍGÍl× Ø Ó¨Ô ÊÕËpÊ_Ì:Ö ��ÍIÍ)Ö Ó Ê Ð�ÍÏ Ò{ÈËpÊhÌ:ÖU��ÍB× ØmËpÊhÌGÍ ÈÏ Ò{Èß©î�Ò ¬

¨F}�,�gR[Q�¿a�©�1¦KQvD[Wxz HN~¨DGzgQ��,QvJgQvDGF�W»�±ZaBKTGQSw BNMI�KH,RGF}DGzgt

DGzaQ;UgRGQS|1F}H,�aT�TVQpW»D[F}H,J=BKRGQs�aTGQSwºb��1HL_NJgH+B,wgw�F}DGFIHKJaBKM1¼gDGJgQpTGT
|EBNMI�gQST;BKRGQ�WXH,t�Ug��DGQpwk~¤HKR&DGzgF�T�WvHKt�UaBNR[F�TVH,JPb¨O�~�DGQSR�ULH�TGTGF}�
ZgMIQ§te��D[BNDGFIHKJ�HN~6D[zgQ§H�I.TGUgR[F}Jg��Tv_gDGzgQSF}RC¼gDGJaQST[T�|EBNMI�gQSTCBNR[Q
WXH,t�Ug��DGQpwº_KBKJaw!D[zgQ&¼gDVD[QSTVD6H�I.TGUgR[F}Ja�]F�T¨B,wgw�Qpw!DGHCDGzaQ&JaQv�
�KQSJgQvRxBED[F}H,JPb@yszaFIT�UaRGH�WXQpTGT6F�T�R[QvU�QSBNDGQpw+~¤H,R©BNMIMgFIJaw�FI|�F�w��aBKMIT
FIJ�B=�,QvJgQSR[BNDGFIHKJPb
cCJaWvQ�DGzaQ�JgQS� ULH,Ug�gM�BED[F}H,J�zaBKTkZ�QvQvJÅZg�gFIM¢D��gU4_�DGzaQ

DGHKD[BKMº¼gDGJaQST[T;HN~6DGzaQ!QXh�FITVDGFIJg�¡B,T;��QSM}M@BKT;HK~@D[zgQ+JgQS�ÅU�HKU��
�gM�BED[F}H,JÃF�T¡WvHKt�Ug��D[QSwº_sBNJaw�WvHKt�UaBNR[QSwPb�yszgQ�BNMI�KH,RGF}DGzgt
DGQSRGt�FIJaBED[QST=F}~]DGzaQ�D[HND[BKM&¼gDGJgQpTGT=HK~�DGzgQ�JgQS�ÈU�HKUg�gM�BED[F}H,J
w�H1QST�JgHKD�TGFI�KJgF}¼LWvBKJ�DGMI\ FIt�UgR[HE|KQeWvHKt�UaBKRGQpw��;F¢D[z/D[zgQ=DGHK�
D[BKM�¼gDGJgQpTGT&HK~PDGzgQ�QXh�F�TuD[F}Ja�eU�HKUg�aMIBNDGFIHKJP_1F9b Q,b}_�DGzLBEDsDGzgQ�FIte�
UgR[HE|KQSt=QSJ�D�HN~.DGzgQ]DGHKD[BNML¼gD[JgQST[T�HK~�D[zgQ]JaQv��U�HKUg�gM�BED[F}H,J$FIT
MIQST[T&DGzaBKJ�BeD[zgRGQpTVzaHKM�w�|EBNMI�gQ�÷pb
ª«JÎ
¨F}�,�gR[Q/¿g_sD[zgQ�BKM}�,HKR[F¢D[zgt F�T�TG¦KQvD[WxzgQpwºb�°�Q�JgHND[Q

DGzLBED]D[zgQ=UgRGH�WvQSw��gR[Q§WvRGH�TGTV�9HE|,QvRi¬c?C´ ã ?	µE_Bø�´ ã ø�µp®;DxBN¦KQpT;Du�&H
FIJaw�FI|�F�w��aBKMIT�?�´kBNJaw�?0µ B,T�F}JaUg��DS_;BKUgUgMIF}QpT¡B WXR[H,T[Tu�±HE|KQSRS_
BNJLwÅUaRGH�w��aWvQST Du�&H�H'IºTVUgR[FIJg�,T/ø�´�BKJawùø�µKb `©RGH�WvQSw��gR[Q
t§�gD[BED[Q,¬§? ã ½ ã ?4~�®6te��D[BNDGQST�BNJ�FIJaw�FI|�F�w��aBKM�?¡�;F}DGz$UaRGH,ZaBNZgFIM}�
F}Du\�½=F}J�D[H�?<~�BNJLw�TGFIt=FIM�BNRi¬c?�´ ã ?0µS®�F�T+B ZLH1HKMIQSBKJ�~¤�gJaW»D[F}H,J
DGzLBED@w�QpWXF�w�QST4�;zgQXD[zgQvRPDu��H�FIJaw�FI|1FIwg�aBNM�TPBNR[Q�TGF}t�FIMIBKRPHKRPJaHNDSb
yszgQ/TG\1t§Z�HKMO¼$¬GNV®�RGQSUgR[QSTGQvJ�D[T$B U�HKUg�aMIBNDGFIHKJ�BED$D[F}t�QLN»_
�;zgFIM}Q�?E»©F�TºD[zgQ¨úK�9DGz+FIJaw�FI|1FIwg�aBNM�F}J[¼$¬VNV®»b6yszgQ�D[HNDxBNM,¼gDGJgQpTGT
HN~.B�ULH,Ug�gM�BEDGFIHKJ=F�T�w�QX¼aJaQSw�BKT¨b�~9¬G¼$¬VNV®G®aÁüû FUý�þ ] n ` b$¬§?�®»b

38



         Algorithm
Genetic-Based Mining

queries results

individuals

Query generator

input

DBMS

mining question user requirements

Data Mining Tool

MS ACCESS

additional

User
User 

Interface

answers

databases

....


¨FI�K�gR[Q�Àa��O�RxWxzgF}DGQSWXDG�gR[Q�HN~��ED]OC^GFCªuA]�ÿ ��� ����� ´�� ®
	 � ± ² µ ²º�g¹V���i�]����²4· ·��¨���
¯½¹ µ ¹ µ#± ��¶s¶aÓ

ª«JkDu��H=TV�aWSWXQpTGTGF}|,QCTG�gZaTGQSWXDGFIHKJaTS_1��Q!w�F�TGWv�aT[T©D[zgQ�BNRxWxzgF¢D[QSWX�
DG�aRGQ;HK~.BKJaw�TVH,t=Q;FIt�UgMIQvt�QvJ�D[BNDGFIHKJ�F�TGTG�gQST6�;F}DGz$R[Qv��BNRxw!D[H
�EDCO]^GFCªuA]�eb

�R1Q iÅ^ é���8 XPT é Xolm^�T
°�Q w�F�TuD[F}Jg�,�gF�TVzÉD[zgR[QvQ t�H�w��gMIQSTÈFIJ'�EDCO]^�F]ªuA]�e_�B
�aTGQvR FIJ�DGQvRG~­BKWvQK_�B��KQvJaQXDGF�W»�±ZaB,TVQpw t�F}JaF}Jg� BKM}�,HKR[F¢D[zgt�_
BNJLw BÃ¯,�aQvR[\��KQvJaQvRxBEDGH,RSb yszgQ HE|,QvRxBNMIMCBNRxWxzgF}DGQpW»DG�aRGQ�HN~
�EDCO]^GFCªuA]�£FITew�QvUaFIWXDGQSw FIJþ
¨F}�,�gR[Q$Àab�yszgQ¡FIJgUg��D�WXHKJg�
TGFITVD[T©HN~PB!t�F}JaF}Jg�=¯��gQSTVDGFIHKJ¡BKJaw$BKwgwgF¢D[F}H,JaBNMLRGQp¯,�aF}R[Qvt�QvJ�DxT
DGzLBED+t$Bi\�Z�Q$ULH�TVQpw�Z1\�D[zgQ$�aTGQvRpbN
gH,R!QXhgBNt�UgMIQK_4B��LTVQSR
t$Bi\�w�Qvt$BNJLw DGzaBND�BKJ
BEDGDGR[F}Za��DGQkF}JÃB/wgBND[BNZLBKTGQ�TVzaHK�gM�w
JgHKD=Z�QkFIJ1|KH,M}|,QSw FIJ�DGzaQkt�FIJgF}Ja��UgR[H�WXQpTGT+~¤HKR=RGQpBKTGHKJaT§HN~
UgR[F}|EB,WX\�¬¤Q,b �Lb}_�FIJaWvHKt�QkHK~]UgFIM}HKD[Tx®»b
yszaQk�aTGQvR�F�TeBKM}MIHE�&QSw
DGH�R[QS¯��gQpTuD;FIJ,D[QvR[t�QSw�F�BED[Q�t�FIJgFIJg�$RGQpTV�aM¢DxTv_�BNJLwkF}~�w�QSTGF}R[QSwP_
DGzaQ;�aTVQSR�F�T�BNZgMIQsDGH!t�H�w�F}~¤\+D[zgQ�FIJgUg��Dpb¨°�Q;JgHKDGQsDGzLBED�D[zgFIT
F�T]B$�aTGQX~¤�aMP~¤QSBNDG�gR[Q+HK~�B¡t=FIJgFIJg�$D[H�H,M²_�TVFIJaWvQK_aFIJ�UgRxBKWXDGF�WXQ,_
B+�LTVQSR&TVD[BKRVDxT©B+t�FIJgFIJg�eTGQST[TVFIHKJ��;F¢D[z�B+R[HK�g�,z$FIwgQSB+HK~PDGzaQ
FIJ�~¤HKR[t$BEDGFIHKJkDGzLBED;t�F}�,z,D;Z�Q!F}J�D[QvR[QSTVDGFIJg�a_gBKJawkwg�gRGFIJg�=DGzaQ
t�F}JaF}Jg��TGQST[TVFIHKJ�D[zgQC�LTVQSR�t�HKR[Q�UgR[QSWvFITGQvMI\$TVU�QSWvF¢¼LQSTS_�ZLBKTGQSw
HKJ4_KBNt�HKJa�,TVD¨HKDGzgQSR[TS_iDGzgQst�FIJgF}Ja��R[QSTG�gM}D[T6H,Z�D[BKF}JgQpw§TGH�~­BNRp_
�;zgF�Wxz�F}J�~¤H,RGt$BNDGFIHKJkTGzgH,�gMIw Z�Q+TVQpBNRxWxzgQSw¡~¤HKRpb
cCJaWvQ��EDCO]^GFCªuA]��R[QSWvQvFI|KQpT�D[zgQCFIJgUg�gDS_gF}D&FIJ1|KH,¦KQST©DGzaQ

�KQSJgQXD[FIWX�9ZLBKTGQSw�t=FIJgFIJg��BNMI�KH,RGF}DGzat b$y@H�WXH,t=Ua��DGQ�D[zgQ�¼gDV�
JgQpTGT=|EBNMI�gQ HN~�BKJ
FIJaw�FI|1FIw��LBNM9_�DGzaQ�BKM}�,HKR[F¢D[zgt JgQvQpwgT=DGzaQ
J1�gt§Z�QvR§HN~&DG�gUgMIQST+DGzaBND§TGBNDGF�Tu¼LQST�DGzaQ�w�QST[WXR[FIU�DGFIHKJ HN~&DGzaQ
FIJaw�FI|�F�w��aBKM²b�yszaQvR[QX~¤HKR[QK_,DGzaQ�wgBND[BKZaBKTGQCTGzgHK�aMIw�ZLQ�FIJ,D[QvR[RGHK�
�,BNDGQpwºb¨O]J$F}JLw�F}|1F�w��aBKMLTGzgHK�gM�w�Z�Q;DGRxBNJaTGM�BEDGQpw=F}J�DGHe¯,�aQvR[F}QpT
DGzLBED!BNR[Q+�gJaw�QSR[TVDGH1H�w�Z1\ DGzgQe�gJaw�QSRGMI\1F}Ja�kw�Zgt$TSb�yszaFITCFIT
DGzaQ�D[BKTG¦¡HK~@D[zgQ+¯��gQvR[\$�KQSJgQvRxBED[HKRpb
�1FIJaWXQ]F}J¡H,�gR©WSBKTGQ]BNJ$FIJaw�FI|1FIw��LBNMaF�T©BKJ$QXh�UgR[QST[TVFIHKJ4_NDGzaQ

DGRxBNJLTVM�BED[F}H,J�HK~]BNJ�FIJaw�FI|1FIw��LBNM&F}J�DGH�BNJ�QS¯��gFI|EBNMIQvJ�D=TGQXDeHN~
��J�Y�¯��gQvR[FIQST�F�T$TuD[R[BKF}�,z,DG~¤HKR[�&BKR[wPb*A�HKDGQ�D[zaBED$D[zgQ�F}JLw�F¢�
|1FIwg�aBNM!BNMIR[QSBKwg\�~¤HKR[t�TkD[zgQ °ÎD]�©^]�£WvMIBK�aTVQ�HN~�BÃ�	J�Y
¯��gQvR[\Kb¨yszgQvR[QX~¤H,RGQ,_vD[zgQ�¯��gQSRG\��KQSJgQvRxBED[HKRPF�T@RGQSMIBNDGFI|KQvMI\CTGFIte�
UgMIQKbC���gUgU�H,TGQ+DGzLBEDC�&Q+R[QS¯��gFIRGQ+DGzgQeJ��at§Z�QvR]HK~�DG�gUaM}QpT]FIJ
DGzaQ�wgBEDxBNZaB,TVQ#�
�����.���¨DGzaBND©TGBNDGF�Tu¼aQpT¨DGzgQ�wgQST[WXR[F}U�D[F}H,JeHK~.BKJ
FIJaw�FI|�F�w��aBKM:?bÁß�����0�����?8;:§¬,< t$BNMIQ�= ®a> ! ���í81@Ã¾¢oP`g_ nEÀKÁgDGzgQSJ
DGzaQ&WvHKR[RGQpTVU�HKJawgF}Jg����J�Yk¯��gQSRG\�F�Tv�¨���©Y@�&�&y
�;c�{]ACy!¬��K®

6^�c�r �
�����.����°ÎD]��^��½¬;�����������+81:Å< t�BKM}Q�= ®CO]AC� ¬ ! ���fs�©ys°����©A½oo`=O]AC� nEÀ1®»b
�EDCO]^GFCªuA]� zaBKT BKT�t$BNFIJ BKw�|EBKJ,DxBN�,QSTÃDGzLBED�F}D FIT

QXh1D[QvJaTGF}ZaM}QÂBKJawÄRGQv�²DxBNR[�KQvD[BNZaM}Q,b 
gHKR�DGzgQ�D[F}t�Qv�9Z�QvFIJg�a_
�EDCO]^GFCªuA]� FIT/QS¯��gFIUgU�QSw��;F}DGz�B��,QvJgQvDGF�W»�±ZaBKTGQSw�BNMI�KHK�
R[F¢D[zgt Zg��D�HND[zgQvR�t�F}JgFIJg��BNMI�KH,RGF}DGzgt$T�DGzaBND�BKRGQeZaBKTGQSw�H,J
QKb �abI_6B�zgF}MIM�WvM}FIt§Z�QvRp_6TVFIt§�gM�BED[QSw BNJaJgQSBKM}FIJg�a_@QXDxWNbI_6WSBNJ Z�Q
QSB,TVFIMI\�UaM}�g�,�KQpw�F}J4b
�ED]OC^GF]ªuAC� F�TeR[QX�9D[BKRG�,QXDxBNZgMIQ¡TVFIJaWvQ
DGzaQCD[H1HKMPWvBKJ�Z�Q+WXH,�gUgMIQSw$D[H�HNDGzaQvR;w�Zgt$T[Ts�;F¢D[zgHK��D;te�aWxz
Q�I.HKRGDSbkª«J�DGzgQ�WSBKTGQ�DGzaBND§B�w�Zgt$T§wgH�QpT!JgHKD+�gJaw�QSR[TVD[BKJaw
��J�Y©_LB$JgQS��t=H�w��aM}QeF}J�D[zgQe¯��gQSRG\k�KQvJaQvRxBEDGH,R]TGzgHK�gM�w�Z�Q
Zg�gFIM}D@FIJ!DGzaBND4D[R[BKJaTVM�BED[QSTºFIJaw�FI|1FIwg�aBNM�TPFIJ!DGzaQ©M�BNJg�,�aBN�,Q6DGzaBND
F�T§�gJLw�QvRxTuD[H1H1w Z1\�DGzaQ��gJawgQvR[M}\1FIJg�/w�Zgt$TS_��;zgFIM}Q�DGzgQkRGQv�
t$BNFIJaw�QSR;HN~¨DGzgQ+TG\�TuD[Qvt WSBNJ ZLQ!MIQX~�D��gJ�D[HK�aWxzgQpwºb

�Rhg ��· Õ�V;T�·þT @ XoWEX 8 \ @
�EDCO]^GFCªuA]��F�T¨RG�gJaJgF}Ja�CFIJeBCr/�§OCWvWvQST[T@j1�sQvJ1|1FIRGH,Jgt�QvJ�D
DGzLBED©�aTGQST�DGzgQCr�FIWvRGH�TVHK~�D��KQvD©��Jg�,F}JaQKb6yszgQ��KQSJgQXD[FIWX�9ZLBKTGQSw
BNMI�KH,RGF}DGzat F�T©FIt�UgMIQvt�QvJ�DGQpw¡FIJNF]F�TG�aBNMºfsBKTGFIW]BNJaw¡WvHKJaTGF�TuDxT
HN~gBKUgUgR[Hih1FIt$BED[QvMI\CnNl,lKl&M}FIJgQpTPHN~gWvH1wgQKb6cC�aR4WxzgHKF�WXQ6~¤H,RPD[zgFIT
QvJ1|1FIRGH,Jgt�QvJ�D¨F�T¨t$BNFIJgM}\+wgQXDGQSRGt�FIJgQSweZ1\!F¢DxT�TV�aF¢DxBNZgFIM}F}Du\!~¤H,R
RxBNUgF�w�BKUgUgMIFIWSBED[F}H,J�BKJaw�D[zgQ�~­BKWXD!DGzaBND�DGzgQ¡wgBND[BKZaBKTGQST��&Q
�sBNJ�DsDGH�t�F}JgQ+BKRGQ!TVDGH,RGQpw�FIJ�r/��OCWvWvQST[Tvb
O]T&w�F�TGWv�aT[TVQpw�F}J��1QSWXDGFIHKJ�¿a_,t$BEÇuH,R�WvHKt�ULH,JgQvJ�DxT�FIJ�w�QX�

|KQSM}H,UgFIJg��B��KQSJgQXD[FIWX�9ZaB,TVQpw�BNMI�KH,RGF}DGzat BNR[Q¡DGzaQ R[QvUaRGQpTVQSJ��
D[BNDGFIHKJ�HK~�F}JLw�F}|1F�w��aBKMITS_6t�BKJgFIUg�gM�BEDGFIHKJ
HKU�QvRxBEDGH,R[TS_@¼gDGJgQpTGT
~¤�gJaWXDGFIHKJP_�BNJaw�DGzgQkDGRxBNJaTGM�BEDGFIHKJ
HN~CBKJ�F}JLw�F}|1F�w��aBKM&FIJ�DGH�B
¯��gQvR[\$D[zaBED�F�Ts�gJaw�QSR[TVDGH1H�wkZ�\�DGzgQ+r��kOCWvWvQST[T;w�Zgt$Tvb
ª«Jaw�FI|1FIwg�aBNM�Tv_1�;zgF�Wxz�BNR[Q]R[Qv�,BKR[wgQSw¡B,T�B�WXH,JEÇu�gJaWXDGFIHKJkHN~

UgR[QSw�F�WvBNDGQpT;HE|KQSR�BEDVD[RGFIZg��D[QSTS_LBKRGQ!FIt�UgM}QSt�QvJ�DGQpw�BKT;ZaF}JaBKRG\
D[BKZgMIQSTSb�O�J�HKRxw�QvR[QSw*BEDGDGR[F}Zg�gDGQK_ ! ";";F�T�F}t�UgMIQvt�QSJ,D[QSw�B,TDu�&H�DG�gUgMIQSTS�µr ! ";"9_4MIHE�&QvR!Z�HK�gJaw |EBKM}�gQ:­½BKJawwr ! "�"9_4�gU��U�QvR!Z�HK�gJaw�|EBNMI�gQ�­!b�O�J �gJaHKRxw�QvR[QSw�BEDVD[RGFIZg��D[Q�zaBi|1F}Jg� Þ
|EBNMI�gQSTkF�T¡FIt=UaM}QSt=QSJ�DGQSwÅBKTÅÞ�DG�gUgMIQSTS_�zaBi|1FIJg��D[zgQ�~¤H,RGtr ! "�"9_4|EBNMI�gQ�­ F}J D[zgQ�D[BKZgMIQKbU
aHKR!QpBKWxz F}JLw�F}|1F�w��aBKM²_¨B�ZgF¢�
JaBKRG\�DxBNZgMIQ�FIT�Zg�aF}M}D!�gU F}J�DGzgF�T��sBi\Kb=��Ha_ºD[zgQ�F}JawgF}|1F�w��aBNM
�����������+81:�¬5< t$BNMIQ�= ®Â> ! ���ô8;@ ¾}oo`a_ nNÀNÁ¨FIT�FIt�UgM}QSt�QvJ�DGQpw�B,T
~¤HKMIMIHE��Tv� �¨����!'&������5ù���÷oöôù �¨����!'&������5ù��o÷oø���ù

î�ï�ð�ñ�ï�ò ö9÷�ø¼ù
ý î�ï ���
ý î�ï 
 �

cCJaWvQ�DGzgQ§waBED[B�TuD[RG�aWXDG�gR[Q!HN~�BKJ FIJaw�FI|1FIwg�aBNM@�&B,T�w�QX¼LJgQSwº_
DGzaQ;F}t�UgMIQvt�QvJ�DxBEDGFIHKJ�HK~aDGzaQ;t�BKJgFIUg�gM�BEDGFIHKJ=HKU�QvRxBED[HKRxT¨�&B,T
TVDGRxBNFI�Kz�DV~¤H,RG�sBNRxwºbÅO�WXR[H,T[Tu�±HE|KQSR�FIT�HKZ�DxBNFIJgQSw�Z1\�TVQSM}QpW»DG�
FIJg�+Du�&H+DxBNZgMIQSTS_�TVUgMIF}DVDGFIJg�eQSBKWxz¡D[BNZaM}QCF}J�DGHeDu�&H§TV�aZ�D[BKZgM}QpTv_
MIQXDo= T�T[Bi\�B=zgQSB,wkBKJaw�BeD[BNFIMºDxBNZgMIQKb�yszgQSJP_�D[zgQ!D[BKF}M.DxBNZgMIQST
BNR[Q�QXhgWxzaBKJg�KQpwºb�O t§�gD[BED[F}H,J�FIT�HKZ�DxBNFIJgQSw�Z1\�w�QvMIQXD[F}Ja�

39



BNJLw	ÄiH,R�FIJaTVQSRVD[F}Ja��HKJgQ�HKR t�HKR[Q�DG�gUaM}QpTvb �1�gUgU�H,TGQ�DGzaBND
FIJ�DGzgQ BNZ�HE|KQv�9t�QvJ�D[F}H,JgQSw�FIJaw�FI|�F�w��aBKMB�����������
81:�¬,< t$BNMIQ�= ®
TGzgHK�gM�wkZLQ!te��D[BNDGQSwkFIJb�����������B8;:$¬,< ~¤Qvt$BNMIQ�= ®»b�yszaFIT;F�TsHKZg�
D[BKF}JaQSw�Z1\�R[Qvt�HE|1F}Ja�¡DGzaQeD[�gUgMIQN�����0�����¹81:�¬,< t$BNMIQ�= ®;~¤R[HKt
DGzaQ¡D[BKZgMIQkBNJLw�F}JLTVQSRVD[F}Jg�/DGzgQkJgQv� D[�gUgMIQb�����0�����981:�¬,< ~¤QX�
t$BNMIQ�= ®»b
�C�gQ�DGH�te��D[BNDGFIHKJaT+F¢D+t$Bi\/H�WSWX�gR!D[zaBED!D[zgQ¡RxBNJg�,Q�F}J��

DGQSRG|EBKMPHN~�BNJ�BEDGDGR[F}Za��DGQ+�,RGHE��T�D[H�DGzgQ§wgHKt$BNFIJ�HN~¨DGzaBNDCBEDG�
DGR[FIZg��DGQ,b�ª«J�TV�LWxzÃB�WSBKTGQK_�D[zgQ��;zgH,M}Q�wgBND[BKZaBKTGQ��;F}MIM�Z�Q
WXHE|,QvR[QSw/Z�\/DGzaBND§BEDGDGR[F}Zg�gDGQK_¨�;zgF�Wxz FIT!�aJaw�QSTGFIRGQpw/~¤H,R!DGzaQ
TGQSBNRxWxz�UaRGH�WXQpTGTSb�y4H�UgR[Qv|,QvJ�DsDGzgF�T�TGF¢D[�aBED[F}H,JP_g�&Q�zaBi|KQ�w�QX�
WXF�w�Qpw�D[zaBED¡BNJÃFIJ,D[QvR[|EBNM;WXH,RGR[QSTGULH,Jaw�FIJg��D[H�BKJÃBNDVD[RGFIZg��D[Q
t$Bi\*JaHND��,RGHE�¥zaBNRxw�QSR¡DGzLBNJ�B��LTVQSRkw�Qv¼aJgQSw�DGzgR[QSTGzgHKM�w
|EBNMI�gQK_aQKb �abI_P¬¤�gUgU�QvR]ZLH,�gJaw�w�HKt$BKF}J�|EBNMI�gQ��©MIHE��QSR&Z�HK�aJaw
w�H,t�BKF}J |EBNMI�gQp®'¸��4_gFIJ��;zgF�Wxz �ÈÛ ¬­l ã ovÁ9b
yszgQ�F}t�UgMIQvt�QSJ,DxBED[F}H,JaTsHN~@DGzgQ�¼gD[JgQST[T&~¤�gJaWXDGFIHKJ�BKT&��QSM}M

BKT©DGzaQ�¯��gQSRG\��KQSJgQvRxBED[HKR���QSRGQ]TVDGRxBNFI�Kz�DG~¤HKR[�&BKR[wºb�
gH,R�QpBKWxz
�KQSJgQvRxBED[F}H,JP_4�&Q$¦KQSQvU�DGRxBKWx¦/HN~sDGzgQkBi|KQvRxBN�,Q+¼gD[JgQST[TS_¨BKJaw
DGzaQ!F}JawgF}|1F�w��aBNM�Ts�;F}DGz�DGzaQ!zgF}�,zgQSTVD�BNJawkMIHE��QpTuDs¼gD[JgQST[Tvb

! Ñ ¹ µ ¹ µ#± � µ �6���g¹#"��º¹u�(Óe� µ ·Ä� Ò ¶ ��²P�(Ó$�.ÓG¹&% ²
·��¨���¨�C����²@�

°�Q��KFI|KQ�BNJ�HE|,QvR[|�FIQv�£HN~�DGzgQ�wgBEDxBNZaB,TVQpT=DGzaBND¡��Q�zaBi|,Q
t�F}JaQSw��;F¢D[z �)D]O]^�F]ªuAC� BNJLw/HK~©DGzaQ$RGQpTV�gM}D[T�D[zaBED!zaBi|,Q
Z�QvQvJ H,Z�D[BKF}JgQpwºb$�1QSWXDGFIHKJ
�1bIoeF�T!w�QS|KHND[QSw/DGH�BNJ BNRGDGF}¼LWvFIBKM
wgBND[BNZLBKTGQK_�F}Jk�;zgFIWxz�UgRGQv�±wgQX¼aJgQpw¡¦1JgHE�;MIQSw��,Q��sBKT�zaFIwgwgQvJPb
�1QpW»DGFIHKJ ��b n/FIT�w�Qv|,HNDGQpw�D[H DGzgQ�t�FIJgFIJg� HN~�Du��H R[QSBNM}�±M}F}~¤Q
FIJaWXF�w�QvJ�D]wgBND[BKZaBKTGQSTSb

' R1Q iÅ^.X 8 9 é�8 W)VLYmW)XoW)(�W : T
yszgF�TswgBEDxBNZaB,TVQ�WXHKJLTVF�TuDxT©HK~PDGzaQCR[QvM�BED[F}H,JU�9���������»b?
gHKR&D[zgFIT
wgBND[BNZLBKTGQ§oSl,lgb lKl,l�DG�gUgMIQST&zaBi|,Q]Z�QvQSJ��KQSJgQvRxBED[QSw$HK~4�;zgF�Wxz
mNl+*�zLBi|KQ©B]|iBKM}�aQC¬,< \KQpT�= ®.~¤H,R¨BNDVD[RGFIZg��D[QÂ� !�23! ���X_NF9b QKbI_KmNl�*HN~�DGzgQ=D[�gUgMIQST�R[QvM�BEDGQeDGH�BKJ�BKWSWXF�w�QvJ�Dpb]
g�aRVD[zgQvR[t�HKR[QK_.DGzaQ
~¤HKMIMIHE�;F}Jg��~­B,W»D��sBKT�zaFIwgwgQvJ$FIJ�DGzgF�T©wgBND[BKZaBKTGQK�P\,HK�gJa�!t=QSJ
FIJ$M}QpBKTGQSw�WvBKR[T6zaBi|,Q;t�HKR[Q�D[zaBNJ¡Bi|,QvRxBN�,Q&WxzaBKJaWXQpT6HN~PWvBK�aTV�
FIJg�eBKJ�BKWSWXF�w�QvJ�DSb�yszgQC�KH�BNMaHK~4t�F}JaF}Jg�§DGzgF�TswgBEDxBNZaB,TVQ]�&B,T
DGH+wgQXDGQSRGt�FIJgQ��;zgQvDGzgQSR�DGzaQsDGH1HKMgF�T©WSBNUaBKZgMIQ&HK~L¼LJaw�FIJg�!DGzaQ
zgF�wgw�QSJ�~­BKWXDSb�yszgQSRGQv~¤HKR[QK_��&Q�zaBi|,QkTGQXD=DGzgQkD[BKRG�,QXD�WXM�BKT[T
BKT � !'2¿! ���NÁ�¬5< \,QSTo= ®X_�BNJaw��&Q�TGQSBKR[WxzgQpw�~¤HKR§DGzgQ UgR[HN¼aMIQ
HN~6R[FITG¦1\kw�R[F}|,QvRxTvb�yszaQ+QXh�UgR[QST[TVFIHKJ�~¤HKR;D[zgQ+zgF�wgw�QSJ�UgR[HN¼aMIQ
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FIJg��WvMIB,TGTGQST@HN~�F}JaF¢D[FIBKM�ULH,Ug�gM�BEDGFIHKJLT@�&QvR[Q�wgFITVDGFIJg�K�aFITGzgQSwPb�oi®
RxBNJaw�H,t��!DGzgF�TeULH,Ug�gM�BEDGFIHKJ�WvHKJ�D[BKF}JgQpw�B ~¤Qv� FIJaw�FI|�F�w��aBKMIT
DGzLBED¡WXH,�gMIw*TVQvD�DGzgQ�BNMI�KH,RGF}DGzat ¯��gF�Wx¦1M}\�H,J*B�UgR[HKt�FITGFIJg�
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R[QvUgM�BKWvQSw�Z1\kHKDGzgQSRe¬­JgHND]UaRGH,t=F�TGF}Jg�1®sFIJaw�FI|�F�w��aBKMITS_.¿,®sZaB,w
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DGzaQ�J1�gt§Z�QvRkHN~�¼gDGJgQpTGT�Qv|EBNMI�aBNDGFIHKJaT$R[QS¯��gFIR[QSw*DGH ¼aJLw�B
JgQpBNR]H,U�DGFIt$BNM�TGHKMI��DGFIHKJPb�^;�gJgJaF}Jg�kDGzaQeBNMI�KH,RGF}DGzat¥H,J�DGzaQ
wgBND[BNZLBKTGQ��;F¢D[z RxBNJawgHKt F}JgF}DGF�BNM�U�HKUg�gM�BED[F}H,JaTS_;DGzgQ BNMI�KHK�
R[F¢D[zgt �&B,T©BNZaM}Q]DGH+¼LJaw¡B!JgQpBNR&HKU�D[F}t$BKMaQXh�UgR[QST[TGF}H,J¡¯,�aF¢D[Q
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~¤R[HKtÄt�H1wgF¢¼aQpw�RxBNJaw�H,tÄF}JgF}DGF�BNM¨U�HKUg�gM�BED[F}H,JaTS_.¿,lKl=D[H�À,l,l
¼gD[JgQST[T6Qv|EBNMI�aBNDGFIHKJaT6�&QvR[QsRGQp¯,�aF}R[QSw+~¤HKR�B�JgQSBKR�HKU�D[F}t$BKMgTVHK�
MI��DGFIHKJPb���DxBNRGDGFIJg�;~¤R[HKt�ZaBKw!WvHKJ1|KQSRG�,QSw�FIJgF¢D[FIBKM,U�HKUa�gMIBNDGFIHKJP_
jKl,l+D[H�oSl,lKl!¼aDGJgQpTGT;QS|EBNMI�aBED[F}H,JaTs��QSRGQ�R[QS¯��gFIRGQpwºb
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DGzaQ-�,HKFIJ�D ^;QpTVQpBNRxWxz ��QvJ�D[RGQ�F}JÅª±D[BKM}\,b¥���gR[RGQSJ,D[M}\,_�D[zgFIT
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yszgF�T$wgBEDxBNZaB,TVQ�WvBKJ*Z�Q�HKZ�DxBNFIJgQSw
~¤R[HKt D[zgQ�ª«J,D[QvR[JgQXD¡BND
z�DVD[UP��Ä�Äi�;�;�!b BKTG\Kb ~­BKBab �,HE|)ÄNBKTGU0ÄEB,TV\ ¼LwgTSb BKTGUPb
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r�� O]WvWvQST[T+BNJLw�WXHKJg�
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' RhgGR1Q . �s� i/��S10
yszgQ��s�;�&O�ªu^]��wgBEDxBNZaB,TVQ¡WvHKJaTGFITVD[T+HN~]¿Kq�R[QvM�BED[F}H,JaT+BKJaw
BNZ�HK�gD ¿,lKl BNDVD[RGFIZg��D[QSTSb ys��HÅt$BEÇuHKR�R[QvM�BEDGFIHKJLT/HK~�DGzaQ
wgBND[BNZLBKTGQ+BNR[Q�DGzgQ32 j54 BNJLw DGzgQ76 j�j54 RGQSMIBNDGFIHKJaTSb&yszaQ2 j54 RGQSMIBNDGFIHKJ¡WvHKJ�D[BKF}JaT�FIJ�~¤HKR[t$BEDGFIHKJ$�;F}DGzkRGQS�,BKR[w=D[HeBNFIRG�WXRxBE~�Dp_@TG�aWxz�BKT�t$BNJ1��~­B,W»D[�gRGQSRS_4t=HKDGH,RS_¨TVU�QvQpw�HK~�D[zgQ¡BNFIRG�
WXRxBE~�Dp_aQvD[WNbI_.BNJaw�FIJ�~¤HKR[t$BED[F}H,J�BNZ�HK��D�D[zgQ§QSJ1|�FIR[HKJgt�QvJ�D�FIJ
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gHKR�Qvh�BKt�UgM}Q,_�~¤R[HKt D[zgQ�M�BED[F¢�
D[�aw�Q.ÄEM}H,Jg�KF}DG�Lw�Q;BEDVD[RGFIZg��D[QsDGzgQ�WvF¢Du\§JaBNt�Q;WvBKJeZ�Q�w�QX�
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gH,R�DGzgQ��s�;�&O�ªu^]�*wgBND[BNZLBKTGQK_�DGzgQ�t�FIJgF}Ja� ¯��gQpTuD[F}H,J
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O�M}DGzaHK�g�,zkt�H,TVD;HN~@DGzgQ�R[QSTG�gM¢DxTs��QSRGQCDGR[FI|�F�BNM9_1F¢D�zaQvMIULQpw¡D[H
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w��gQ D[H�FIt�UgRGH,ULQSR�t�BKF}J�D[QvJaBKJaWXQ,_��;zaBED$F�TeDGzgQ�UgR[HN¼aMIQ HN~
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yszgQ ¼gD[JgQST[T=~¤�gJaWXDGFIHKJ��KFI|KQpT§R[FITGQ DGH�BNJ*HKU�D[F}t�FpcSBNDGFIHKJÃHN~
DGzaQ+TVQpBNRxWxz�UgR[H�WXQST[TSb
O �KQSJgQXD[FIWX�9ZaB,TVQpwkBKM}�,HKR[F¢D[zgt ~¤HKR�waBED[B=t�FIJgF}Ja�$zaBKT&Du�&H

t$BEÇuH,R�B,w�|EBNJ�D[BK�KQpTvb

¨FIR[TVDS_.D[zgQ$UgR[HKZgMIQvt HK~�UaBKRVD[F¢D[F}H,JgFIJg�
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